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FOREWORD 
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Mr. Fred W. Forbes and Albert Olevltch. Thi3 report covers work con¬ 
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ABSTRACT 


In the search for optimum materials to be used in an expandable sand¬ 
wich concept of fabricating space structures, a gelatin rigidizing resin 
system was improved and adapted for use. It was demonstrated that this 
!#ystem would be desirable for use with fabric materials« The. resin system 
is easily applied, has high strength to weight ratio, and is resistant to 
<11 space environment. 

The other materials finally selected for use are completely compatible 
^nd equally resistant to a space environment. 

The final items of the development program were light-weight, self- 
igidizing, 10-foot diameter solar energy concentrators and 4-foot diameter 
cylinders, 8 feet long. Space systems considerations were an integral part 
of this study, with particular emphasis on much larger structure requirements. 

(This abstract, is subject to special export controls and each transmittal 
to foreign governments or foreign nationals may be made only with prior 
approval of the Space Technology Branch (APFT), Air Force Aero Propulsion 
Laboratory, Uright-'Petterson AFT), Ohio U5U33.) 
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l.o iin»z«ieTa» _ 


Hsa exploration of apace will undoubtedly require large alee tolar 
collectors and apace shelters. The iced for transportation of those Items 
into th*\ space environment makes an expandable structure concept attractive. 
One concept, which was originated by Sr. P. S. Forbes and Mr. Sidney Alllnikov 
of the Research and Technology Division, Air Force Systems Command, Vright- 
Patteison Air Force Base, (File, is based on the combination of a fabric honey¬ 
comb naterial with a plastic rigid!*Lag resin aysten. High atrangth-ta-oeight 
ratio* are inherent in the sandwich, material and complete flexibility and 
pa cica; inability axe available with the fabric material. A number of plastic 
resin systems ate available for rigidisatioc of the complete stincture. 


AFAPL-T3L—65—84 discusses the outcome of a study which brought together 
the knowledge gained under earlier studies or the expandable sandwich concept 
and the earlier gelatin development work. That study furthered the development 
of the expandable honeycomb concept and demonstrated that gelatin ia a useful 
rigidising media for that application. This report continues the discussion 
by describing the work completed during this phase of the program, particular 
alphas is was placed on application of results to larger space structures and 
to compatibilities of materials in a space environment. 


-1 feasibility demonstration of this concept vising a polyurethane, vapor- 
cure*', resin system was conducted under Contract AF33(65?}-20409 and is discussed 
in A7L-TDg-54-29. That work was continued under Contract A?33(615}-1?.43 which 
furthered the development and produced larger structures basea on the expand¬ 
able honeycomb concept. That work is discussed in AFAPb-TA-64-40, Voluam X. 

Both of these efforts were sponsored by the Air Force Aero Propulsion Laboratory 


The feasibility of utilizing gelatin as a rigidising madia for expandable 
space structures was also demonstrated by Mr. Forbes and Hr. Alllnikov as an 
Air Force in-houM study. Further work by the Air Force Seta rials laboratory 
Contract AF$3(616}~8483 produced Some promising structural properties 
and space applicability iufomation for gelatin. That wtk ia discussed in 
ASD-TT5R-63-444. 





2.0 OSJKOTS5 


“She principal, objectives of this research and technology effort were 
as follows? 

1. Optimisation of gelatin, collagen, and other rigidiaation materials 
systems for expandable honeycorab structures. 

2. Datsraination of operational characteristics of these systems tinder 
space rendition*. 

3. Hie design, fabrication; and rigidiaation in a vacuum environment 
cf 10-foot diameter solar concentrators vita balloon end caps. 

4. The design, fabrication, rigidiaation in a vacuum environment, a;id 
prossure testing of 4-foot diameter by 8-foot long space cylinders. 

The technology gained is directly applicable to the design of larger sapee 
structures. 

Phase I of this contract, as reported in AFAPL-TR-65-84, found that 
codification of the basic gelatin resin system to produce & vapor catnlyst 
cross-linking mechanism, and to.reduce the viscosity while increasing the 
gelatin solids by the addition of various solvents, (other than H a Q) would 
only tend to reduce the final strength of the resin system. An operable 
resin system was established for use under Phase I cf this contract. How¬ 
ever, it was felt that this was not the optimum gelatin system, and that 
studies should be continued in an attempt to optimize the c ormulation. Swift 
and Company continued these studies ns a subcontractor. Emphasis was placed 
on increased strength, faster cure times, and a plasticizer boil-off system. 
Additional requirements of an optimum system were that it remain in a liquid 
state during impregnation, be nontoxic, usable in a normal laboratory envir¬ 
onment, be compatible with other material components in the overall composite 
and compatible to a space environment. This study demonstrates, although not 
reaching the ultimate design goal of a 15-mJLnute cure time, that gelatin can 
be used as a rigidixing resin in combination with a fabric Bandwich material 
to produce large expandable structures suitable for space uoe. The search 
for component materials such ss adhesives, and a flexible layer, to be used 
between the structural backing and the suiface film, was continued. The 
selected materials also must be compatible with other components, with space* 
be packageable, be usable in a normal working environment, and be adaptable 
to larger structures. Monsanto Research Corporation, as a subcontractor, 
aided in tnis search. 

The assurance that a selected design will meet the requirements imposed 
by performance in a space environment was .approached by anticipating problems 
which will arise when the structure is placed in that hostile environment. 

The Technology Division of the GCA Corporation, as a subcontractor, helped 
in defining these problemc. 

The final reports, as submitted, by each of the three subcontracotrs 
are included in this report as appendices. 








3.0 MATffilALS MS KBPS A® IHVBSTIGATXQ. * 


The materials research and Investigation were directed toward obtaining 
opt isms* samples of components, eu^h as, reflective surface materials, 100 
per cent reactive flexible resins, elastomeric sheets of foam, sponge, and 
rubber, and adhesives suitable for bonding the various components together. 

3.1 imienVE SBBFACE MATERIALS 

-- — . i i 1 1 ii i . i ■ 

A solar concentrator design study, presented later in this report, ad¬ 
vanced the theories that postcure gelatin shrinkage, large differences ir» 
stress-strain relationships of components, and asterial creep were the 
primary causes of fabric show-through, orange peel, wrinkles, and crease 
separation of the Mylar from the flexible epory. This information pointed 
out the possibility of a need to substitute a material other than Mylar for 
the reflective surface. The materials investigated and their properties 
are listed in Tables 1A, IB, and 1C. 

A material similar to A-12 was selected for further investigation. 

This material, purchased from Arvey Corporation, Chicago, Illinois, was a 
laminate consisting of 0.25-mil Mylar -rith 0.35 mil aluminum 1100 type 0 
laminated to both sides. 

The material was used to fabricate 2 1/2-foot model concentrators 
based ca the design which employs a very high modulus material that can be 
strain-set, thus eliminating the distortions caused by the restoring forces 
in the elastic region of Mylar. The concentrators fabricated using the 
new material did show an improvement in most of the surface irregularities, 
particularly in the elimination of wrinkles and crease separations. 

Another material that, at first, indicated some promise as e surface 
film was Capran, a polyamide film. Use of Capran did not progress beyond the 
2-foot diameter experimental stage. 

Baaed on the information presented in Table 1, and on experimental 
results, a strain-set material, similar to A-12, was selected for Use on the 
10-foot diameter concentrators. 

The material was modified by replacing the 0.25-mil Mylar inner layer 
with 0.50-mil Mylar. This increased the weight from 0.0106 lb/ft 3 to 
0.0139 lb/2t a . 

The aluminum surface material used during this program was not a highly 
polished aluminum or a vapor deposited metalized surface, and therefore, not 
highly reflective. However, a polished surface 1aminete or a vapor deposited 
matalised surface is a practical solution to obtaining a brilliant surface. 



?astf efforts have utilised Bpon 872 x 7 S and Epos Agent U apoxy 
resin as the flexible layer behind the reflective surface. This did not 
prevent surface irregularities, was uot 100 per cent solids, and not 100 per 


cent reac";ve and therefore, tecease of shrinkage during cure, the possible 
cause of some of the surface irregularities. This would imply that a 100 
per cent reactive resin would eliminate shrinkage and thus improve the 
surface. 

Two 100 per cent reactive resin systems were investigated? They were 
Bpon 872 and Dow DLR 736, and were, used with B. F. Goodrich Hycar CT3KX 
containing a polycarbodilaidt, (antioxidant POD) manufactured by Noftone, Inc. 
Hycar CTMX is a synthetic rubber polymer of butadiene and acrylonitrile. 

The uncured liquid has a viscosity of about 100,000 centipolses, but can be 
sprayed uniformly at elevated temperatures. 

Neither system shoved any substantial improvements over past efforts. 
Further investigation of 100 per cent reactive, systems ./ere discontinued in 
favor of a more proetisihg fl—.Me layer material such as foam. 


3.0 FLEXIBLE IAYKR 

Initially much time was spent on the investigation of various elastomeric 
materials. Visits were made to raw material suppliers and manufacturers of 
the finished products to determine availability of materials in the desired 
weights and thickness. Information was also sought on how the various elasto¬ 
mers were processed and what modifications could be made to properties. The 
materials were obtained in w.rking amounts for prellminay evalua'ton, and 
are shown in Table 2. As the work progressed additional material was obtained 
(see Table 3) 

Although the thicknesses of the materials listed are not necessarily 
ifche same as would be used tc fabricate the flexible layer, the samples were 
useful for establishing data on varies joining techniques and adhesive 
studies. Physical and thermal properties, for promising materials were accumu¬ 
lated from the literature on elastomeric materials and from testing. See 
Tables 4, 5 and 6. - 

There is no specific Information on the effects of radiation on flexible 
foams available at this time. However, inferences can b& made.) for example, 
a foam material based on a urethane linkage will probably possess the same 
relative stability as a urethane based elastomer. See Table 6. 

Seme of the more promising materials were tested for vacuum stability. 

The >.ests were conducted on a 4 by 4-inch sample of each material. The 
samples were held at 2 x 10” 5 aa Hg. for 7.T hours. The results are listed 
in Table 7. They clearly indicate that most closed cell foams are rot 
satisfactory for use in a vacuum because cf the tendency to shrink and lose 
weight. 

Tests also indicate that most feasts, especially open cell foams, absorb 
liquids easily. la the case of the gelatin water solution tbi result is a 
wrinkling of the foam because of shrinking of the gelatin during cure. 
Attempts described later in this report to cover the foam with Mylar proved 
unsatisfactory. Another approach was to fill the open cell foam with TIV or 
similar HAttrtal. This usually resulted oaly in an increase in weight. The 
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method finally selected was to block the foam with an adhesive such as Span 
872-X-75 sad Epos Caring Agent G. 

As the search for new materials, experimenting, and testing continued, 
a new foam *as obtained that revealed excellent possibilities. The foam, 

Scott Pelt 10-900, is manufactured by tLs Scott. Paper Company. Typical prop¬ 
erties of some of the available varieties of this foam are listed in Table 8. 

All of the varieties discussed in. Table 8 are made by applying heat and 
pressure to an open celled, flexible, 2 ib/ft 3 urethane foam until the desired 
degree of firmness, density and thickness is reached. Firmness 10 indicates 
that a 1/16-inch thick material va & originally 10/16-inch thick before being 
compressed. 

The 1/16-inch thick, 900 Series, foam msteris 1 described above was 
found to absorb large amounts of adhesive when bending to the Dacron struc¬ 
tural material. As a result, a new foam was ordered and was utilized with 
good results. The new material, Scott Felt Grade 500, is similar to the 
90Q Series, but is nonreticulated; that is, the cell membranes have not 
been resowed although it possesses seme permeability to air. Typical prop¬ 
erties of the 600 Series are shown in Table 9. 

The Scott Felt Grade 10-600 foam has been used with good results on 
most of the 10-foot diameter solar concentrators. 

Certain silicone rubber type materials have been used from time to 
time during thi:. program because of their flexibility, adhesive qualities, 
and availability. The selection of a particular RTF has been more or leBS 
at random. However, it appears that a broad range of properties are available 
in the silicone rubbers. A study of these properties vas made in an attempt 
to find a more suitable candidate for use as the flexible layer material. 

Table 10 is a tabulation of physical properties of STV silicons rubbers. 

It shows that increased hardness is available without seriously affecting 
flexibility. RTF compounds with the higher hardness values were received 
and screened for flexible layer applicability. Use of RTF as a flexible 
layer was discontinued In favor of the move promising foam. 


3.4 A DHESIV ES 

me 

Table 11 lists the adhesives that were investigated. They ware screened 
for apparent bond strengths, flexibility after cure, and material compatibility. 
Samples ware cured for 24 hours before testing. Most adhesives were discarded 
because of incompatibility with the urethane foam, and neoprene sheets. Others 
were discarded because of excessive cure time, poor bond, extreme shrinkage 
and tackiness after cure. The remaining adhesives, their properties and use, 
are listed in Table 12. Bond strengths of the more promising adhesives and 
material combinations were tea ted in peel using an I net ton testing machine. 

The results are presented in Table 13. 

Rpon 372-X-75 later proved to be the most useful and versatile. It was 
used to bond the reflective surface to the foam and to bond the structural 
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TABLE 1-A 


PROPBRTm OF REFLECTIVE SURFACE MATERIALS 


FROPERTIFS 

MYLAR ... . 

1100-0 

A-12 

TEDLAR 

Chemical Type 

Polyethylene 
teraphthelate 

Aluminum 

Aluminum 
and Mylar 

PVF 

Life Sxpectaaey 



10 yrs. 


f ->rm Available 

Film 


Laminate 


Toxicity 

None 

None 

None 

Toxic if 
burned 

Flammability 

Slow to 

Self Ext. 

None 

Mylar Burns 


Environment 

Compatibility 

Excellent 


Excellent 


Reliability 

Excellent 


Excellent 


Vacuum Stability 

Excellent 

Excellent 

Excellent 

No Plasticizer 

Specific Gravity 

1.39 

2,66 

2.04 

1.34 

Tensile Strength 
psi 

23,000 

13,000 

13,700 

19,000 

a. Yield Point 
psi. 

4% at 

12,000 pal 

5,000 

3,000 

2% at 

6,000 psi 

b. Modulus of 
Blast’city 
pal 

550,000 

10,000,000 

2,700,000 

280,000 

Available Minimum 
Thickness, mils 

0.30 

.18 

.75 

*5 

Weight lbs/ft 3 /mil 

0.0073 

0.0140 

0.0106 

.008 

Servicable Temper¬ 
ature Range 





a. High °F 

300 


392 

225 

b. Low °t' 

-75 


-148 

-100 

c. taint* 

Foirt °P 

















TABLE 1-A (Cont.) 

PROPERTIES OP REFLECTIVE SURFACE MATERIALS 

■'■■■liw'ifru—**—n—————a—■———Hem —w—a— i mi. tom 

PROPERTIES ’MYLAR 1100-0 A-12 TEDLAR 


Thermal 

a. R Factor 

Btu/(hr)(ft 2 ) (F/ft) .093 

b. Coefficient of 
Expansion 

Linear in/in/°F 1.5 x 10~ 5 

c. Specific Heat 

cals/g/ C .315 

Radiation Character¬ 
istics 

a. Beginning of 

Moderate Damage g 

ergs/gm (C) 4.4 x 10 

b. Beginning of 25% 

Damage 

ergs/gm (G) 8.7 x 10 

11 

<3* Stable up to 10 ergs/g 

How Sealed Heat Sensitive 

Adhesives 


Aluminized 
Reflectivity 
(compared to Mylar) 


128 A1 128/ft 

Mylar .093 

1.31 x 10" 5 13.1 x 1G~ 4 2.8 x 10~ 5 

.22 

4.4 x 10 3 

4.4 x 10 9 

Heat + Heat 

Sensitive 5% Shrink 

Adhesives 256 F 


8 









TABLE 1-B 


PROPERTIES 

OF REFLECTIVE SURFACE MATStlALS 


pkopawtss 

TEFLON 

POLYETHYLENE** 10 

KARDEL 

Chemical Type 

pep'*' 

Olefin 

Polystyrene 

Life Expectancy 




Form Available 

Film 

Film 

Film 

Toxicity 

Toxic 

Decomposed 

Non-toxic 

J.0 <c) 

Flammability 

Non-Flam. 

SI. Barn 


Environment Compatibility 
Reliability 


Vacuum Stability 



No Plasticizer 

Specific Gravity 

2.15 

.935-.938 

1.05 

Tensile Strength psi 

3000 

3500 

9,000-10,000 

a. Yield Point psi 

3% 

1700 



b. Modulus of Elasticity 

pel 

70,000 


450,000 

Available Minimum Thick¬ 
ness mile 

.5 

.5 

.75 

Height lbs/ft a /ail 

.011 



Serviceable Temperature 

Range 




a. High °F 


230 


b. Low b F 

-400 

-100 

-94 


c. BUttW Point °P 
Yheraal 


*W<hrXtt*Hr/ft) ,U2 





« -V- 






■fi '■ 


■': ■'.. X < *.* »Jn5'v. 1 • 


TABLE 1-8 Ccont.) 

>S0PERTIE3 OF RKFI EGTIVB. SUMACS ^aTSRIAIS 


b. Ooefficlaint of 

4.6 2 

If 

at -100 


Srpon&loa 

5.8 x 

10~ 5 

at 160 


Linear - ir/in/V 

9.0 x 

10- 5 

9 x 10" S 

6 x 10~ 5 

" v 

at 212 



c. Specific Beat 



S : ' . ;■ . 


Cai/g/C 

.25 


.55 


fiadiaiiea Chsreiteristies 



' - 

-V 

•■ a. Beginning of Moderate 


10 6 

4.4 x 10 d 


itemge srgs/gs (G> 

1.7 x 


b. Beginning of Sericma 


X 

8.7 x 10® 


t^t&aga erga/gns (C.) 

3.7 x 

10® 


c. Stable op to 




- > ■... ’. - 

How Sealed 

Beat 


Heat 

Heat 


500 f 


220 F 

280-380 F 

Aluainised Selectivity 



■- . 


(compared to Mylar) 

'• 


v ' 


a* Fluoridated ethylene propylene 


, v, , 

- 

b. Typical Values 

c. itt/teia ASTM D-635 






v •<: ! , < / 













1ASJJ5 1-C 


PS® KERBS OF RSPLBGTIPB SURFACE MATERIALS 


Mto^srias 

CAPRAS 

S0CLY5 

H-FXIM 

ACLAR. 22A 

Chemical Type 

Life Expectancy 

Polyamide 

Ionotoer 

Polyimide 

Fluorochloro 

Resin 

Form Available 

Film 

File 

Film 

Film 

Toxicity 

Hon-toxic 



Naa-toxic 
belts. 300 F 

Flaasnablllty 

Saif-ext. 

1.1 in/min 

Chars at 
800 C 

Hone 

Environment 

CcefMtibility 





Reliability 

Vacuum Stability 

Specific Gravity 

1.13 

.925 

1.36 

2.079 

'liens ile Strength pai 

6700 

5000 

25,300 

8,000-11,000 

a- Yield Point psi 

WOO 

1800 

14,000 


b. Modulus of Bias** 
ticity pel 

100,000 

30,000 

430,000 

300,000 

Available Minimum 
Thickness mils 

1 

0.5 

1 

.5 

Weight ibs/i't a Aii: 

0.006 

0.0049 

.007 

0.011 

Servi cable Temper¬ 
ature Range 

. - 




a. High °F 

200 

160 

300 

390 

b. Lov °F 

-100 

-160 

-100 

-320 

c. Brittle Point 















XASL3 1-S (coat.) 

PROmiTES OF RST-SCTi?* SUSFACB MATSa-ALS 


P80FS6T1ES 


CiPSAH 


SfflLTB 


B-FHM 


AGWlS 22A 


Thermal 


a. E Factor 


BtQ/(hrXft 3 )(F/£t) .141 


b. Coefficient of 
SxaaiBSicn 


Linear in/in/V 4.6 x 10 


c. Specific Heat 
C*l/g/C 


Radiation Characteristics 


a. Beginning of 

Moderate Damage . 

ergs/ga (G) 3,6 x 10 


b. Beginning of 
Sertewa DAraage 
- erg#/ga (C) k* '/ x 10 


Etched 
Heat + 
Adhesive 


Heat + 
Adhesive 


Ks» Sealed 


Aluninised Eeflac 






TA3L3 1 


PRKLIN1RAST CAJOIDATS FliXIBLS IAY5SL MTELIALS 


ttSTBRIAL 

IS ail GStS neoprene sheet 

15 oil Viton sheet 

31 ail Hypalon sheet 

1/8 inch, s-uf t neoprene sponge 

5 ail urethane sheet 

1/8 inch fire neoprene sponge 
1/5 inch firm vinyl sponge 
1/4 inch butyl sponge 
1/16 inch silicone sheet 


SOGGLCK 


Atlantic India Rubber Work* 
Chicago, Illinois 

DuPont, Chicago, Illinois 

DuPont, Chicago, Illinois 

Atlantic India Rubber Works 
Chicago, Illinois 

Seiberling Rubber Company 
Newcooerstown, Ohio 

Hood Rubber Company 
Chicago, Illinois 

V. 3. Nott. Company 
Minneapolis, Minnesota 

Hood Rubber Company 
Chicago, Illinois 

S. S. Nott Company 
Minneapolis, Minnesota 








TABLE 3 


CAM)HATS FLEXIBLE FCAHS 


PfeSMSaTISS B. P. GOODRICH CO. SCOTT PAPSP. CO. 

, ___ (Polyurethane) 


Designation 

2-43 

M-407 

S-534 

H-334 



Chemical Type 

Neoprene 

PTC 

PTC 

PVC 

Polyester 

Polyether 

Cell Structure 

Closed 

Closed 

Closed 

Closed 

Open 

Open 

Thickness, inches 

1/8 

1/8 

1/S 

1/16 

1/8 

1/16 

Density, lb/ft 3 

10 

4 

5 

3 1/2 

5 

10 









TABLE 4 


PHYSICAL AND THERMAL ffiOPERTIES Of SIASTOMiSIC MATERIALS 


FBOPHETISS 

RDBATEX 

RUBAT8X 

SCOTT 

NGPCO 

NOPCO 

NOPCO 

Polymer 

Neoprene 

Vinyl 

Polyether 

Polyether Polyester 

Polyester 

Density lbs/ft 3 

40 

13 

5.5-10.5 

2 

2 

6 

Cell Structure 

Closed 

Closed 

Open 

Open 

Open 

Open 

Tensile strength 
psi 



20 

16 

35 

45 

Elongation per cent 



50 

230 

450 

700 

Compression Set 

50 per cent 

30 

50 

10 

6 

6 

2 

Compression 







Per Cent 

Deflection lbp/in 3 







20 



1.3—3.4 




25 

90-13.0 

1.5-4.0 


0.5 

0.55 

0.65 

50 



2.8-7.4 




60 



3.4-12 




65 




0.85 

0.88 

1.30 

Service Temperature (P) 






Lou 

-30 

-20 





High Continuous 

150 

130 





High Intermittent 

200 

200 





Thermal Conductivity 
Btu/(hr)(ft a )(P/ft) 

.11 






Vacuum Stability 


Poor 












COMMENTS 


APPROXIMATE ORDER OF STABILITY OF COMMERCIAL POLYMERS 


COMMERCIAL POLYMER 


Polystyrene 


NUCLEAR ENERGY 
PGR APPRBCXABLB 
DAMAGE**' 

(rad) 


Silicone (arosatie) 

Polyethylene 

8 

Epoxy 10 

Melamine-formaldehyde 

Urea-formaldehyde 

Mylar 

Hatural Rubber 
(polyiaoprene) 

Silicone Blastomers 10^ 

(aliphatic) 


Polypropylene 

Polycarbonates 

(Laxan) 

Polyvinyl chlorides 
Nylons 

Synthetic Rubbers 

Kel~P 10 6 

Polyurethanes 

Polynethacrylates 

Polyacrylates 

Teflon 10 5 

(aj ?3f change '& a significant aachanical property 


Cross-links but distorts 
under load at 80 C 

Cross-links 

Crosf-liaka 


Cross-links 

Cross-links 

Cross-links 


Degrades via scission 
Cross-links 

Degrades via scission 

Degrades via scission 
Cross-links 
Degrades via scission 














EFFECT OF SAMi\ RADIATION OH DAMAGE THRESHOLDS 0? ELASTOMERS 


DAMAGE ergs/g C 


DAMAGE eri 


Nitrile 


Polytmlfide 


10 «rgs/g C 


;e at about 10 
















DBssm 

DIMENSION 

wnioai 

lbs/ft 3 

CFANG3 % 

LOSS % 


w , 


1/* inch vinyl foaa 
cloned coll 

1C 

43 

1.5 

1/S Inch neoprene foam 
closed cell 

35 

10 

1.0 

1/4 inch urethane foam 
open cell 

.7 

none 

none 

1/4 inch uuretfcane foes 

2 

none 

none 

15 mil neoprene sheet 

— 

none 

none 

20 mil urethane sheet 

— 

none 

none 

i/S inch PTC foam 
closed cell 

•4 -V .. 

to 

19 

1/3 inch naoprene foam 
closed call 

10 

none 

none 

1/8 inch PVC foam 
closed cell 

5 

40 

2.5 

1/16 inch PTC foam 
closed cell 

3,5 

none 

none 

1/8 inch polyester 
open cell 

5 

none 

none 

1/16 inch polyester 
open cell 

10 

none 

none 


'■7 







ims s 


TYPICAL PHYSICAL PROPERTIES 

OF scan FELT GRADE 

S00 SERIES 


Finmess 

3 

5 

10 

15 

Tensile Strength pat 

50-70 

85-105 

160-200 

230-270 

Pex Cent Elongation 
at Break 

300-400 

250-350 

250-350 

200-300 

Thar Strength 
lb/in 

7-9 

10-13 

20-27 

27-35 

Vkcuum Effect 

none 

none 

none 

none 


TABLE 9 


Firmness 3 

Tensile Strength psi .67 

Per cent Elongation 
at Break 275 

Tear Strength lb/ln 9 

Vacuum Effect none 

Compreasicn-Deflection 
psi 

« 25% 1 

• 50% 5 

0 66 % 12 


5 

7 

10 

115 

155 

220 

250 

225 

200 

15 

20 

25 

none 

none 

none 


5 

13 

25 

ia 

35 

75 

40 

100 

175 


TYPICAL PHYSICAL PROPERTIES OP SCOTT FELT GPADB 600 SHIES 








r?apBRTIfg OF RTP MATERIAL 


COHPOOTfci 

spscmc 

ORA^OT 

maourm 

HABBR3S3 
SHORE A 

■■THS1I2 
y B'aattHm :: 
ESI 

ELONGA- 

ncai 

* 

LIHERR 

8MIIKASB 

% 

aw-n 

1.18 

45 

350 

180 

,2-6 

ftT7~?0 

1.35 

50 .. 

r 450 

140 

'•$*****6 

ST?-|l rr; 


50 

600 

130 

.2—6 

RW-30 

1.45 

' ■ ■■ '' 

60 • 

850 

130 

.2-.6 

m -40 

1.37 

55 

550 

120 

.2-.6 


^ r~xM. 'T‘ 

....... 


' 200 . 

..’ "m"2«*V6 


1.47 

60 

650 

O 

110 

.2-.6 

m -77 

1.33 

so 

500 

220 

*2-«6 

ROT-88 

.... uw. v .. .. 

60 

750 

160 

.2— 6 

ROT-511 

1.18 

40 

350 

180 

.2—6 

aw-sep 

1.47. 

60 

800 

160 

.2—6 

ROT-577 

i.35 . 

50 

450 

200 

.2->6 

ROT-580 

1.45 

60 

800 

120 

.2—6 

ROT-102* 

1.07 

■ 30 

350 

400 

.2—6 1 i! 


... . . "05 



*The saver*! materials In the 100 aeries ell have similar propartlaai their 
difla^eea.'axria' m vi*<6o»itp .aid . 


TABU 11 




RTV 340 

38-4101 ptfMv 

X 

X 

X 

RTV 11 

' ,r. ' -if _ 

X 

X 

X 

RTV 112 

Tbermollt* 12 *pr«y 
88 4101 priMfcr 

RTV *0 

■ ?•' x 

J ‘ r . 

X ; 

X J 

/ •'••’ 

X 

Xpoh R77-X-75 -fi ■ 

*yo?y 

X 

■ / X 

X 

Bpofi 922 8jx>£T 

x VV' : 

•V ■ •< - > . • 

X 

■ y ' 

X 


■ x K; 

X 

X 

sottik mr 

A -.A 

v 

■Vt .V-V 
■. * 

X 

‘ 7 

Seflk 7070 

... * 


X 

• • .4 ii 

Battik 1091 

f ■' 

*■ . . 

X 

■ A v.. - v ' 7 ' 1 


« : 












TABLE II (cent.) 

ASH Earns INVESTIGATSc" 


*y— * vs .. . 

siRccataAi 

BACKING 

MRAR 

ALUMINUM - 


orkrane 

SHEET 

URETHANE 

FOAM 

ADf^BSI^TS 

TO - SEOPSHiS 
SHEET 

Caraa'a 244 

X 

X 

X 

X 

X 

X 

Svxtx. 7 b*? 

X 

X 

X 

X 

X 

X 

Swift 7162 

X • 

X 

X 

X 

X 

X 

Swift 7335 . 

X 

X 

X 

X 

X 

X 

Swiff Y-7167 

X 

X 

X 

X 

X 

X 

Swift 4246 

X 

X 

X 

X 

X 

X 

Du Pont 46971* 

SC 80S no heat 

X 

X 

X 

X 

X 

* 

Du Pont 4684+ 

RG 805 no heat 

X 

X 

X 

X 

X 

X 

Du Pont 5491 
no heat 

X 

X 


X 

X 

X 

Du Pont 56012 

X 

X 

X 

X 

X 

x 

Du Pont 46970 
no heat 

X 

X 

X 

X 

X 

X 

8.3. Rubber 

DC 1977 

X 

X 

X 

X 

X 

X 

Garboline F~1 

x X 

X 

X 

X 

X 

X 

Aerobond 2010 

X 

X 

X 

X 

X 

X 

Aerobond 2125 

X 

X 

X 

X 

X 

X 

Aerobond 3131 

X 

X 

X 

X 

X 

X 

Aerobond 2143-4 

. W 

XV. ■ 

X 




Sllaatlo 733 

'• f'e: : 

X 

X 

X 

X 

X 

X 

B.P.G. A-1191-B 

X 

X 

X 

X 

X 

X 
















TABUS 12 

F&GFS 1 TIE 8 aND USES OF ABSBSIYES 


ADH^IVS 

CRSMI&L 
■o TIPS 

. % 

SOLIDS 

ilKSILg 

SIRMSTH 

TEMPERATURE 

STABILITY 

SPECIFIC 

GRAVITY 




IS. 

PSX 




Swift 7162 

(SS Nitrile 

20 in 

Toluol* 

Ketones 




lr 4 

Swift 4;m 

FV Ac. 

52 in HaO 


180 F 


3, 7 

Du Pont 4684 

Syn^ rubber 

28 Ketones 

500-1000 

300 F 


1» 2, 3 

RC - 805 

Isocyanate 






Aeroband 2010 

Epoxy 

100 




1, 

Silastic 733 

Fluoro- 

silicone 

100 

150 

300 F 

1.36 

1, 3, 4 

: 

BFG A- 68 -B 
A-53-B 

Neoprene 

25 

Isopropyl 

Acetate 




1> 2j 

3, 4 

Vithane 200 

Urethane 

30 DMP 

5000 


1.219 

1, 3, 4 

RTV 102 

Silicone 

100 

350 

300 F 

1.07 

2, 3, 5 

RTF 11 

Silicone 

100 

380 

300 F 

1.18 

3, 4 

Primer SS 4101 

Tin octoate 





1 

Bostic 7070 

Urethane 

21 Ketones 


250 F 


4 

Span 872-X-75 

Epoxy 

75 XylOl 


250 F 


3, 4 

Kpon 923 

Epoxy 



250 F 


4 

Be tone 

5740X071 

Urethane 

20-30 
m DMP 

11,300 

200 F 


6 


(c) Use 

1 . Myltr to neoprene and urethane 

2. Alwssim* to neoprene 

3. Aluminum to uretban* afcaet and foam 

4* Nylon to*u«*tbaaa two — - 


5. Uruthana foam to urethane foam 

6 . Nylon to nylon 

7. Dacron to Mylar 









TABLE 13 


ADHESIVE STRENGTH IS PEEL US/l*? 




MYLAR TOs 

ALUMINUM TOs 

NYLON TO: 

adhbsiyb 

NSOPBHiS 

URETHANE 

SHEET 

METHANE 

FOAM 

MEOPRRflg 

SHEET 

UKETkAHB 

FOAM 

UESTSANE 

FOAM 

Swift 7162 

5 A.F. (a) 


Mat. (b) 


Mat. 

Mat. 

Du Pent 4684 

4 A.F. 

4 A.F. 

Mat. 

6 A.F. 



Aerobond 2010 

Mat. 


Mat. 



Mat. 

Silastic 733 

2 A.F. 


Mat. 


Mat. 

Mat. 

BPG A~68-A-53~B 

2 A.F. 

8 Mat. 

Mat. 


Mat. 

Mat. 

Vithane 200 

Ho 

Reading 


Mat. 

No 

Reading 

Mat. 

Mat. 

RTV 102 




45 A.F. 

Mat. 


RTF 11 






2 Mat. 

Bostic 7070 






Mat. 

Bpon 872-X-75 

6 A.F. 





Mat. 

Upon 323 






Mat. 


(ai Adheaiv* Failure - AP 
(b> Material Strength - Mat. 


25 






Adhesive 


Adhesive 

Adhesive 

Material 







IA.BLK 15 


T&iPERATOEB AND RADIATION STABILITY OF CANDIDATE ADHESIVES 


ADHESIVE 

CHEMICAL 

TYPE 

SS1VICEABLE 
TEMPffiATCRB 
LIMITS °F 

ABSORBED 
RADIATION FCtt 
MODERATE DAMAGE 

Du Pont 46971 

Polyester 

-75 

300 F 

4.4 

X 

xo 6 

rad 

G.E. RTF 11 

Silicone 

-90 

300 F 

8.0 

X 

10 6 

rad 

B. F. Goodrich 
Bstane 5740-X-071 

Urethane 


200 F 

7.9 

X 

IQ 4 

rad 

PIP 4050 

Butyl 

-40 

200 F 

0.5 

X 

10 6 

rad 

gpon 

872-X-75 

Epoxy 

-100 

300 F 

5.0 

X 

io 3 

rad 











3.5 STRUCTURAL MATERIAL 

The structural material used to fabricate the solar concentrator was 
an all Dacron sandwich material from A. Wimpfheimer and Company, of Stoning- j < 

ton, Connecticut. It had two faces separated by random scattered drop threads 
7/8 inch long. 

The structural material used to fabricate the cylinders was No. 181 
fiberglass from Hess, Goldsmith and Company of New York. 

Table 16 lists some of the properties of the gelatin-fabric system as 
compared to a urethane-fabric system. 


3.6 GELATIN SOLUTION 

The following paragraphs contain a description of the gelatin system as 
used for the Dacron and fiberglass structural materials. 

s . \ 

3.6c1 Formulatldhg 

The gelatin formulations for the DUcron solar concentrator and 
the fiberglas cylinder are listed in Table 17. The formula for the concen¬ 
trator is thinner because of the larger area to impregnate. The impregna¬ 
tion is completed while the concentrator is on the fabrication fixture in 
the inflated position. 

A degradation of the reflective surface of the solar concentrator 
was traced to the highly acidic (pR 3.8) gelatin resin system which attacks 
the aluminum surface during and after resin impregnation. To alleviate 
this, the gelatin solution is neutralized with 2 per cent, per weight of 
resin solids, NaGH, prior to resin impregnation. 

The optimum ratio of gelatin solids to fabric for the Dacron con¬ 
centrator is 20/100, and for the fiberglass cylinders is 30/100. 


3.6.2 Viscosity Determinations 

Figure 1 presents a family of curves shewing the viscosity of 
various gelatin solutions at temperatures from 70 to 130 F. The shaded area 
gives the limits for the most satisfactory conditions for vacuum impregnation 
and minimum resin drainage. 


3.6.3 Gelatin Impregnation Studies 

A series of Dacron pillows and a 24-inch concentrator composite were 
vacuum impregnated to determine rate of impregnation vs. gelatin solution con¬ 
tent at 115 F. It was found that a 10-by 10-inch pillow and the 24-inch 


28 




concentrator composite became completely saturated with the 15 per cent gelatin 
solution within abcwt 1-1/2 minutes, while the 25 per cent gelatin solutions 
required over 5 minutes for completion* Table 18 suamrizas the experimental 

data. . .. . ..- 

the pillows were rigldlred wl Qtsut holding tension in the material. 

A great deal of wrinkling occurred with the fabric-gelatin ratio of 7*3, while 
no wrinkling or puckering was observed on the fabrics containing only 20 parts 
gelatin. It was also noted that the structures with 20 parts gelatin seemed suff 
iciently strong for solar concentrator rigidity. Work was completed to deter¬ 
mine optimum fabric-gelatin ratios witch would result in sufficient strengths 
with a minimum or no fabric shrinkage. 



wmm 














EE 


1600 

1500 

1900 

1300 

1200 

1.100 

1000 

900 

800 

700 

600 

300 

900 

30C 

200 

100 























TABLE 16 


TYPICAL FROPSiTIES OF EXPANDABLE, SELF-RIGIDIZING MATERIALS 


GELATIN- 6SLATIN* URETHANE- UR2THANS- 

PROPSSTY* FIBERGIASS DACRON FIBERGLASS DACRON 


Specific Gravity 

1.7 

1.3 

1.5 

1.4 

Shelf-life 

Very good 

Very good 

_limited 

Limited 

Space Environment 
Stability 

Excellent 

Very good 

Good 

Good 

Cure Time**(hra) 

3-4 

3-4 

2 

2 

Ult. Tensile 
Strength (psi) 

40,000 

25,000 

40,000 

25,000 

Ult. Flexural 
Strength (pai) 

35,000 

— 

35,000 


Modulus (Tensile 
and Flexural)(psi) 

2.0 x 10 6 

— 

2.0 x 10 6 

— 

Specific Heat 

.25 

= 30 

.25 

.30 

Coefficient of 
Thermal Expansion 
in/in °F 

2 x 10' 5 


2 x 10~ 5 



or an optimum resin/fiber ratio 
♦♦Vacuum Environment 











TABLE 17 


GELATIN FQRMOLATION POE SOLAR CONCENTRATOR AND SPACE CYLINDER 



SOLAS CONCENTRATOR. SPACE CYLINDER 








TABLE 18 


GELATIN IMPREGNATION STUDIES 


TAkIS 

(MATIN 

PARTS 

FABRIC 

TIME FOE 
IMPREGNATION 

Ti ER CENT GEiAT^n 
IN SOLUTION 

DACRON FABRIC 
SAMPLE 

10 

90 

1 sin. 

10 

10 x 10" pillow 

20 

80 

1.5 min. 

15 

2 it. collector 

20 

80 

5 min. 

25 

10 x IQ" pillow 

30 

70 

5 min. 

25 

10 x 10" pillow 
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4.0 STRUCTURAL-MKCHANICAL AKALYSES 


A number n£ structural-mechanical analyses of vhe two structures of 
this contract have been completed. These investigated the dynamic* thermo¬ 
dynamic, structural, and materials aspects of the structures from fabrication 
through their operational phases. 

As a past of the predepleyment analysis, the structures were investigated 
:?or handling and packaging degradations, primarily during fabrication. Part 
of the packaging analysis was to determine critical fcld radii for each of 
the various material components of the structures. The results of this 
analysis revealed that the reflective surface element is vulnerable to pack¬ 
aging damage, 

A general deployment analysis of inflatable, folded structures was 
applied to the solar energy concentrator and cylindrical structures of this 
contract. The results of this approximate analysis showed that the solar 
energy concentrator structure is vulnerable to deployment failure whereas 
the cylindrical structure ’•» not. 

Both the solar energy concentrator and the cylindrical structures were 
analyzed for many operational loading conditions. In general, these structures 
were analyzed for pressurization loads, maneuvering loads and deflection, and 
thermal gradients. In addition, an approximate analysis of the natural fre¬ 
quency of the solar energy concentrator structure was made to determine if it 
could operate within reasonable vibrational limits. 

The results of these structural-mechanical analyses contributed to a 
preliminary design of the structural element of both the 3olar energy con¬ 
centrator and the cylinder. Tne sandwich fabric material of the solar 
energy concentrator was a one-inch thick Dacron with a random-scatter drop- 
thread core. A more optimum core configuration would have been a 2-inch 
square celled, honeycomb array. Although this material is within the state- 
of-the-art of the weaving industry, it was beyond the scope of this contract. 

The sandwich material for the cylinder was a one-inch thick fiberglass 
fabric with a unidirectional, triangularly fluted core oriented from pole to 
pole of the hemispherical ends. The anhydrous weight of the resin-impregnated, 
fiberglass fabric was about 3/10 pounds per square foot. 

4.1 SOLAR cokckntrator 

4.1.1 Stress Analysis of a Para bo1ic Surfac e of Revolution 

The complete stress analysis of an operational solar collector 
should include the following loads: 

1. Static (terrestrial handling) 

2. Dynamic (Launch and maneuvering) 

3. Uniform pressure (solar, aerodynamic) 

4. Thermal gradients 









In addition the natural frequency of the structure should be 
investigated. However, of all the alove loading conditions, only the dynamic 
maneuvering l.oagl apd thermal gradients are included in this report. 

There are two approaches to the solution of the stresses in a 
Surface of revolution. A simplified approach assumes that there are only 
a^emhrine direct stresses and shears avei - ’-ble to resist the applied loading. 
See Figure 2 (25 below for the description of these stresses. 



Figure 2 

Elements of a Shell of devolution Showing 
the Forces of the ^mbrane Theory 






The resolution o? the applied loads by the membrane stresses 
to the folir*»in& .vet of simultaneous equations C2). 

30~ ^*6 a 8 * ,ia * H— c,e8 ® 4 ' ^ x r g a 8 * n ® E 0 (a) 

■,;v; cWJL . * 

-gjr r e * gjj~ CT s sin 8) + T r e cos 0 + P y r 6 ff cp sin 6 * 0 (b) 


V + \ r 6 f Ve a * 0 (c) 


For applied loadings of rotational symmetry, the preceding 
expressions reduce to; 


(N. a sin, ©} - R r a cos 9 ♦ f r Q & sin 8 » Q 

C?$7 “ (p U X $ 


(a') 


V + % r e + Ve a E 0 (c *> 

Further Rg can be solved at s«v circumferential section from 
statics, and R solved from equation (c) if the normal load component (P ) 
and the principal radii of curvature (r Q and a) are known. In the following 
Figures 3 and 4 there are graphical solutions to the geometry and the prin¬ 
cipal radii of curvature. 

The inflation stresses in a parabolic membrane can be reduced to 
the following. 

At rim : Hq * ♦ .500 pD (Ib/inch) 

N • + .«5 pP (lb/inch) 

At apax ; N e * % “ * P° (lb/inch) 

Where p is the internal inflation pressure (psi), 0 is the rim 
diameter of the paraooloid (in.), and the + sign denotes tension. Similarly, 
the above expressions are correct, for external pressure loadings except for 
a stress reversal from tensile to compressive stresses. 

Bnsywnetrical gravity loads (loaded at some angle (not aero) to 
the axis of symmetry) and the critical buckling load were investigated. She 
former merely involver solving the simultaneous equations (a), (b), and (c) 
for various directions of applied load. The solution to the stability problem 
is wore complex and is described in paragraph 4.1.3. 






































Inaddition to the simplified membrane approach a more exact 
eolation which takes into account the local bending rigidity of the shell can 
be obtained from sight simultaneous equations involving eight unknown stresses 
and deflections. (1) 

The solutions to these equations must involve applied loadings of 
rotational symmetry and thus are not as comprehensive as equations (a), (b), 
and (c). They do offer, however, a way to evaluate the influence of the 
three dimensional sandwich fabrics in reducing membrane streses and deflections. 

4.1.2 Thermal Displacement of Any Curve 




Consider tk$ curve GA above having been exposed to a temperature 
change of AT. Then determine the displacement of point. A to A'. The ex¬ 
panded view of an element of tne curve enable's « calculation of the X and Y 
displacements to bo made. The X displacement is given by 

AX * SaAfdd ||J~J 
* J A oATdx • aATX A 

The y displacement is similarly expressed by 

AY « oATT x 


TT5- 

"B’ementary Statics of Shells" Second Bdition. Alf Pfluger 
mi, Mew York City, MoGraw-Hill Book Cb., Inc. 
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Therefore AX and AY are directly pironertional to the location of point A 
(X f Y a ) and independent of the chape of the curve. _Also, the total dis- 
pl^casenfc of point A, AL, is parallel to the vector DA and equal to 
(aAT) «SA) = a Alt. 

4.1c3 Thermal Displacemen t of Any Surface of Revolution 



From 4.1-2 it has been shown that the displacement of the 
curve y * f(xj in the x-y plane is proportional only to the x and y coordi¬ 
nates of the curve mi the temperature parameter, gAT. Thus, for any point 
on i.he curve A (X. , Y ). the change in location of the point due to a temp¬ 
erature cha.gt, A T, eqnale X' ■ X. <1 * aAT) and Y^ ■* Y (1 * aAT). Hence, 
the expression for the new curve y* ■ g(x') b<?comesy(l ♦ oAT) » g£x (1 * aAT)]. 

In the case of the parabola y » x a /4f, the expression for the new 
curve Cy' ■ x’ a /*f) is aU-' a parabola, y<l ♦ aAT) «|x Cl ♦ aAT)] a /4f 

y »[(1 ♦ aAT)x*j / 4 f 


Therefore, due to a uniform temperature change, AT, tne parabola 
v * x 2 /4f becomes y » [ J Ll 1 x a which changes the length of the focus by 

|-i-- \ . 1 

\ 1 + aAT I 

Due to the rotational symmetry, the circuuferential elongations 
are all directly proportional to their respective radii. Slice the radius 
of any circumferential element is the x coordinate and since this displacement 
has been accounted for in deriving a new expression for the curve that 
generate* the surface of revolution, the total thermal displacement of the sur¬ 
face of revolution is satisfied by the new surface of revolution y' * g(x’). 





4.1.4 Operational Accuracy 

The most Important requirement of the solar energy concentrator 
is that it maintain the specified surface accuracy. It was expected that 
the concurrent gelatin development and application program would eliminate 
most of the surface inaccuracies due to fabrication, packaging, deployment 
and rigidization; thereby leaviug only operational inaccuracies Cor distor¬ 
tions) to be considered in this program. 

The operational distortions of the sola? energy concentrator are 
primarily the result of "G"-leads (maneuvering the structure) and thermal 
gradients. Since these forces cannot be eliminated, the resulting dis¬ 
tortions to the solar collector cannot be eliminated. Their effect can be 
reduced, however, by adequately stiffening the structure and by reducing the 
magnitude of the thermal gradients. 

In the following analysis the specified surface accuracy is trans 
lated into an equation for a re 'aed surface of revolution which in turn is 
evaluated at the rim of the surface. This ordinate minus the ordinate of the 
original curve, Y 0 * x a /4f, will be defined as the maximum allowable deflec¬ 
tion of the ria of the solar collector. 

It is assumed that the deflected surface is symmetric about the 
axis of rotation; therefore, this analysis is only valid for applied loadings 
of rotational symmetry. 

The surface accuracy of the solar collector is specified thuss 
"The solar cr 'lector shall be accurate to within ± 1/2 degree by the tangent 
method over 98 per cent Z the reflective surface." Therefore, the deflected 
surface must satisfy the r^llowing equations (refer to Figure 5). 


^allow 



Figure 5 SURFACE ACCURACY 
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X s 


Since y 0 * “jp" » •§£— ~ * *ad 0 * ten 

• ; d >V ^ - ' • -■" ; 


a ,^Q 

""■«fer ’.. 


therefore, tan S a * 5 |“ » Now* the allowable angular distortion 


? 3 --/;' •: " "i.;• 


i o 

aa point A deflect* to point A’ * e g = j 

Let, tap e * e 

8 

x * 2fe 


tan 0 * tan e 


Therefore, u. <9 <■ ,,) * g-;-^ *»• jp^-TTS - . 

_ ‘ i7 l . _ x * Jfe 

**■ ~x -*“ < 8 * e ,> ■ nr:» 


or. 


x ♦ Zie\ 

2T"-'^r| ** 


* -~z 22 - ex - | 2fln(2£~ex), 


>) (l - e 2 )] 


+ c 


Hence 

for 


At x ■ 0, y « 0, 
1 


Therefore 

6 


1 e 


(?.£) (1 + e a ) tn - ex 

it-exi 


f/D 


f e * tan j , and x» d/ 2 (at the rim) 


y t * .149204 D (at the rim) 

y * .1443380 (at the rim) 
o 


... , «* y, - y * 00487 o 
allow *c 


The value of the preceding analysis is that it provides an ex¬ 
pression for the maximum deflection at the rim c the aolsr collector that is 
within the specified surface accuracy limitations. By comparing the deflection 
of the ria of the solar collector for maneuvering and thermal loadings to the 
allowable deflection, an expression for the required stiffness of the structure 
or the maximum thermal gradient can be obtained. 

If the solar collector is accelerated parallel to the axle of 
rotation, the maximum deflection parallel to the axis of rotation (at the rim 
of the solar collector) can be expressed as, 

6,, ■ 0.78 W„ D a /Bt 

vi U 

Where W r is the unit weight of the structure due to an acceleration, "G'’j 
0 la th$ rim diameter of the so._.r collector} and Bt is ths product of the 


*2 







thickness and modulus of elasticity of the structural membrane of the solar 
collector. This expression is overly conservative for the three dimensional 
sandwich material of this study, but it will serve to illustrate the magnitude 
of the deflection problem. 

Setting Sq * Bellow results in ar. expression for Et of the struc¬ 
tural membrane that will not distort the solar collector surface beyond 
specified limits. This expression will be define! as the stiffness product and 
is: Et * ISO WfiD. If the total system including inflatant and end cap is 
limited to 40.0 pounds, W G will equal .034 ps£ for a 0.1 G acceleration. 
Therefore, for a 10-foot diameter solar collector the stiffness product be¬ 
come® 4.34 ib/inch. Fro® this it can be seen that the stiffness product for 
the 10-foot solar collector need not be large to maintain the specified 
surface accuracy due to » 0.10 G acceleration parallel to the axis of rotation. 

The problem of maintaining the specified surface accuracy because 
of a uniform thermal gradient can be approximately analyzed as follows. A 
uniform thermal gradient normal to the surface of t spherical shell will 
produce uniform bending moments (M) throughout the shell (wherever boundary 

conditions permit): M « , „ ■ * — . * since the paraboloid of this study 

t(l - *i a ) 


approximates a spherical surface, the preceding expression can be used as an 
approximation of it* thermal bending moment. Further, the unit angular 
distortion produced by the constant thermal bending moment would equal 


Jit n Ej(l - u 3 ) _ 


IS BI “ * d£ T * r ’ 


dSt s aAT(l + u) 


In this expression a is 


the coefficient o2 thermal expansion, AT is the difference in temperatures 
across the surface, p, equal* Poisson's ratio for the structural membrane, 
and t i« the thickness of the membrane or in this study the depth of the 
sandwich material. 


If the paraboloid shown in the figure below is supported at its apex, 
the angular thermal distortion at the rim is given by 



Timoshenko and Woinoveky - Krieger "Theory of 
2nd Edition P. 546. McGrtw-Hiil Book Company, 


Plates and Stella" 
Inc., New York, 1959 
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with f/D * y/3/b and 
AGS * 1,053 B, 


aAT( 1+u)(1.053 D) 


Since the angular thermal distortion at the rim must be less than the specified 
distortion. 


where 


*.‘± 4- 11 its 


then e *p ^ e g 

*_n 1 

, . (2) 36g j (t) 

and A1 ' ad r^ytoss d> 

For a sandwich thickness, t, of 1 inch} & rim diameter, D = 120 
inches; and typical a and values for fiberglass reinforced plastics of 

2.0 x 1Q~ 5 in/in-°F and 0.15, respectively: AT € ± 6F. 

4.1.5 Stress Analysis 


Membrane shell theory can be utilised as a simplified approach 
to the solution of the internal stressas in the parabolic surface of revolution 
subjected to maneuvering ("G") loads. If the maneuvering accelerations are 
parallel to the axis of rotation of the tolar collector, the meridional and 
circumferential stresses bacons# the principal membrane stresses, since the 
associated shearing stresses would be eero. This is a specialised loading 
condition, but it will aerve to illustrate the magnitude of the problem. 

The expressions for the meridional stress (Ng) and circumferential 

street (If ) in a parabolic membrane which is supported at its ape» and ac- 

celerated parallel to its axis of revolution, (See the notation of Figure 6) 
are? 

1.54 cos 0 - sec a 8 1 

6 W i - cos J e i 


Tt • - 
f 


v*V 


♦ 1 f 1-54 cos 3 
Ml- cos* 


0-1 
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Where, 


W„ 


e 

0 


4 


the rim diameter. 

the apparent weight of the para¬ 
boloid due to an acceleration "G". 

the angle defined by a circumfer¬ 
ence of the shell and the axis of 
rotation. 

denotes accelerations directed 
avay from the apex of the shell 
and tension stresses. 


Figure fc STRESS ANALYSIS 


denotes opposite accelerations 
and compressive stresses. 


From these expressions, it < an be noted that the stresses approach 
infinity as 9 approaches sero; the stresses are of opposite sign throughout 
the shell; and there ave no stress reversals. Since the magnitude of the 
stresses near the apex become relatively large, the sise of the boom attach¬ 
ment flange becomes critical. In the following expressions, the meridional 
and circumferential membrane atreases are evaluated at the rim of a 14-inch 
diameter boom attachment flange, and at tha outer rim of a 10-foot diameter 
solar collector. A 1/10 ’’G 5 ' load gives the 0.34 psf solar collector an 
apparent weight of 0.034 psf. 

At the Boom Attachment Flange 8 * 3°53' and, 

KP 

N 9 * 2^5” < 115 > * ° ,93S liAn 

(35.3) « - 0.96? lb/in 


(.9935) • -0.0245 Ib/in 

The unit stress** (lb/in a ) equal the membrene stresses (lb/in.) divided by 

the membrane thickness. 

For selecting * membrane thickness, there are three consideratlons- 
1) allowable membrane deflections, t ) available materials and thicknesses, 
and 3> allowable membran* stresses. An expression for the minimum stiffness 
product (modulus of elasticity x thickness), *fc, was outlined. This expression 
was bated on maintaining a maximum deflects at tht rim of the eslar collector 


VS" * 0 D 
\-r- 

At the Rim 0 « 30° and, 

• 0 


yfl VJ) 
\ * “ “T 5 "- 




that would not distort the reflective surface beyond "± 1/2 deg. by the 
tangent method'' and determined Et = 4.54 lb/in. 

Dacron fabrics are readily available in very lightweight weaves 
and minimum thicknesses. Using a conservative value for the modulus of 
elasticity of Dacron and gelatin of 0.50 x 10^ psi, the required thickness 
(t) of the parabolic membrane (based on maximum deflection criteria) becomes 
9.08 x 10~ 6 inch. Minimum weight Dacron fabrics have thicknesses (including 
the rf.gidizing resin! of about 0.010 inch. This is many times the required 
thickness based upon the allowable deflection criteria, and allowable membrane 
stresses. 


Assuming that both faces of the 0.010 inch fabric sandwich material 
are available to resist the preceding membrane stresses, the unit stresses 
at the boom attachment flange and the rim become, 


At Bocm Attachment Flange 


cr Q » 0.938 / 2 x 0.010 * >46.9 psi 
a * -0.967 / 2 x 0.010 * -48.3 psi 

<p 

At Rim 


a e * 05 % 


-0.0245 


rrrfey * - 1 - 22 * si 


The facings o* the parabolic membrcne can be assumed to be flat 
plate elements, simply-supported by the cell walls of the drop thread core. 
Using e square-celled core whose plan dimension is a (See Figure 7), the 
following expression can be used to relate the biaxial stresses, o and cr , 

^ y 

that produce buckling in a square p)ate to the geometry and stiffness of the 
plate. 


\♦ V’‘ <r )J 

Where, m and n equal the number of half waves in the buckled plate in the 
x and y direction* respectively, 


Eequ&ls the modulus of elasticity, 
p equals Possen's ratio, 
t equals the thickness of the plate, 
e equals the length and width of the plate, 
+ denotes compression. 


By letting a* expression reduces to, 

<S m 3 ♦ c n 3 ■ cr (* 3 ♦ u 3 ) 3 
* f * 

Tfcm number of half wavs* .in the buckled plate must correspond to 
the minimum values of ? £ and c^. A number of plots of the above equation 


♦Tinosbaako k Gerr, "Theory of Kinetic Stability" 2nd Ed. 
1991, lew York City, McGraw-Hill Book On.. Inc. 
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are shown in Figure 7. T v e dark interaction line ABC 7 ) ie a plot of the 

buckling nodes that result in the minimum biaxial buckling stresses on a 

square, flat, simply-auppotted plate. For a * o to a * - 3/7 a (ABC), 

y x y x 

the critical buckling mode is one half wave in each direction of the plate 

(n * 1, n ■ 1). At point C, the buckling mode changes to two half waves in 

the X direction and one half wave in the Y direction (m * 2, n * !). This 

mode continues beyond a e -a (point D) until the plot intersects a new 

y x 

buckling mode (m * 3, n = 1) which intercedes to change the slope of the 
interaction curve. 

By using the interaction curve aud evaluating c in terms of a 2 

the minimum core cell size can be determined for the minimum facing thick¬ 
ness of Dacron fabric and gelatin resin and the preceding membrane stresses 


tj rs 


n 3 B 


a 


e liCl-ii 3 ) 

42.0 

TT" 


y- (-™~- ) ; ^ s ,15 for fiber reinforced plastics 


* a J 

At Boom Attachment Flauge(14 inches in Diameter): 
0 - o a ■ 48,3 p*i 

I p v 


From Figure. 7 


« — 2- * 8.33 
o 

e 


G- » - 0 * (8.33) (—r~) » 48.3; a » 2.69 in. 
6 <p a 2 

At kirn (10 feet in Diameter): 

o ■ - 1.22 psi? <r« ■ 0 
<p 9 

a 0 , 

From Figure 7 ~~ ■ 4; « 0 

a e 

42 ft 

a ■ (4.0) (-»■■ '- —) m 1,22; a * 11.7 to. 

<p a 
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From this, it can be seen that the critical core ceil size is 
2.69 in. If a factor of safety of 2 is applied tc the membrane stress, the 
core cell size must be reduced to 1.90 in. A further reduction to 1.50 in 
will account for irregularities in the plate surface, as the theory is based 
on a geometrically perfect plate. 

Thus, it can be seen that a Dacron fabric sandwich material with 
a 0.010 inch facing thickness and a 1 1/2-inch square celled honeycomb type 
core will satisfactorily support the 10-£oot diameter solar collector of this 
study when subjected to a 0.10 "G" load parallel to the axis of rotation. 


4.1,6 Thermal Analysis 

GCA Technology Division has derived equations (in parametric 
»jrm? for the thermal analysis of a 10-foot diameter solar collector. Re¬ 
sults were used in the trade-off analysis and design. The thermal analysis 
study included the following; equilibrium temperature between the front and 
back of the concentrator, temperature-time history for a deployed concen¬ 
trator, and temperature-time history of a deployed concentrator in the flex¬ 
ible state. Conclusions indicate the following; if some of the drop threads in 
the structural backing were made of aluminum, practically no gradient would 
exist between the front ar.d back of the concentrator, and approximately 1 
to 5 minutes are available between deployment and the time required for the 
entire structure to be below the freezing point of water. The complete 
procedures and results may be found in the GCA Technology Division report 
which is included a# Appendix A. 


4.1.7 Radiation Samples 

Two four-inch samples were prepared for radiation testing. Those 
include two types of solar collector structural material and two types of 
heavier fiberglass material. They were exposed to radiation for approximate^ 
44 hours. The teat ahowed, in addition to an insignificant weight loss, that 
there was visible evidence of UV degradation In the appearance of the teat 
samples. The irradiated surface was ♦ii ed yellow whereas the control sam¬ 
ples retained their white appearance, -eat procedure and results may be 
found in the GCA Technology Division report which is included as Appendix A. 


4.1,8 Post Cure Distortion 

An analysis showed that if nylon and gslatin are approximately 
the same weight in a composite and the nylon la stressed to 5000 pel during 
cure and then released, the composite will change dimensions by only 1/4 
total per cent. That conclusion wee u«ad In the collector design. 
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4.1.9 Inflation Dynamics 

1 

It has been shown in a GCA Viren paper that the maximum can¬ 
ister pressure PoM, that can be tolerated and not result in a material fail¬ 
ure during the initial deployment cycle is as follows* 

*on ■ i < r. -» h ? s 

® i o/ * m ~ ( * o/ ^ m) , 

where P qM * Residual pressure ins’de the sphere prior to deployment, 

y = c /c = 1.4 (for air), 

P ^ 

h = thickness of the sphere skin, 
f = fractional elongation at rupture of the skin, 

H = skin stress at rupture, 

D = canister diameter or (diameter of expanding cylinder), 

- dimension of sphere prior to deployment, 
i * maximum extension of sphere during deployment. 


The validity of this equation is demonstrated by ECHO II results, 
For P ~ 10 mm Hg the sphere burst, whereas at P * 0.9 ran Hg it did not. The 
value°for P calculated from the above equationls 3 am Hg (where h * 0.7 
mil, f " 0.8l, S = 5000 psi, D = 35 inches and i / t 3 1/70). 

This model assumes a cylindrical representation of the unfold¬ 
ing during tbe initial inflation. This model does not allow for the large 
solar collector mass, but it is a good first approximation. 

Applying this equation to a test balloon of 10-foot diameter 
and using 1-mil Mylar with a stress of 10,000 pal and an alongation of 0.02 
for a dynamic failure, yields the values for tha maximum allowable residual 
pressure in the three specified sise spheres as followst 



TABLE 19 

ALLOWABLE CANISTER PRESSURES AND 

INFLATION TIMES 

Diameter 

P oM (psi) 

Time (Seconds) 

10 ft 

.40 

3 

20 ft 

.50 

4.5 

100 ft 

.27 

18 


Another item of interest shown in this tabl* is the length of 
tine that Is required for the sphere to deploy to its largest distention. 


1 Technical Paper On A Model For the Study of Inflation Dynamics of 
3pherieal Satellites 
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4.2 Cylinder St-gas Analyses 

As the contract provided for the design, analysis and fabrication of 
expandable cylinders In addition tc the solar collectors, the expandable 
cylinders were analyzed structurally. The following is a summary of the 
structural analyses of ths expandable cylinder that have been completed 
to date. The primary load imposed upon the cylinder is that of containing 
an Internal pressure. This applied loading has been thoroughly investi¬ 
gated, even to the determination of secondary shears end bending moments 
due to unequal radial strains in the truelure. 

A section of the npfcimized sandwich shell of the expandable cylinder 
is shown below. Pertinent dimensions and properties are tabulated in table 
20 . 



ELEMENT 

DIRECTION 

YARNS 

CONSTRUCTION 

WEAVE 

THICKNESS* 

WITH 

s 






GEIATIN 


Outside 

Warp 

225-1/3 

SO 

4 shaft 

0.010 In 

1.00" 

Facing 

Fill 

225-1/3 

60 

er< tin 

« 4 

0 


Web 

Warp 

Fill 

225-1/3 

225-1/3 

38 

3$ 

4 shaft 
satin 

0.008 in 

» a 

w 


Inside 

Warp 

225-2/3 

S3 

4 shaft 

0.012 in 


Facing 

Fill 

225-1/3 

33 

satin 

■ a, 

& 



♦Approximately ♦ 10% 




'Hie sandwich structure fabricated from "E" Class Fibsrglas and 
the flutes wer© oriented from pole to pole o£ the hemispherical ends. 


An internal pressure o£ 7.5 peie with a factor of safety of 2 was 
used as the primary loading condition. It can be shown that for the truss 
core sandwich cylinder, approximately 40 per cent of the Internal pressure 
stresses can be theoretically distributed to the outside facing. However, 
In order for the outside facing to be stressed to this level it must be 
circumferentially attained about 1/2 Inch. Since this small strain is of 
the same order <*£ magnitude as the weaving m& other fabrication toler¬ 
ances, the exact stress distribution between the inner and outer facings 
la intimately related to the degree ot fabrication accuracy. In addition, 
if the outer facing were not fully expanded during deployment, there would 
be no stress distribution to it, For these reasons, the Inside facing was 
designed to resist ail of the internal pressure. The streac levels in 
the inside facing are *8 fallows. 

Cylinder! H * 160 lb/in 

6 C 

N » 360 Ib/'in 

(£C 

Spherical Endsi N ^ « ISO lb/in 
N *' 180 lb/in 

Cp8 


Secondary stresses are present at the juncture of the cylinder proper 
to the hemispherical end* due to unequal radial deflections. At this junc¬ 
ture, the structural sandwich shell makes a transition from the smaller 
deflected circumference of the hemisphere to the larger deflected circum¬ 
ference of the cylinder, as indicated in the drawing below. 



Where 6 * Radial inflection of spherical ends, 6 « Radial deflection of 
Cylinder, 3* * Secondary asbesr at point of Inflection, and M * secondary 
bending moment. 




Because the sandwich shell Is symmetrical about the juncture of the 
hemisphere and cylinder, the transition curve will undergo « point o£ infle; 


tion'at this juncture and there will be no secondary moment, M , at this point 


There i» « secondary shear normal t*> the sandwich shall at P , which pro¬ 
duces secondary bending momenta in other parts of the fshall. These bending 
moments increase to a maximum at a distance * 0.&/B 


from the-point of in¬ 
flection and diminish to r*ro ’beyond this distance. In the subsequent ana-' 
lysis, the entire sandwich croes section is assumed to deflect radially with¬ 
out distorting in accordance with the initial assumption that all of the in¬ 
ternal pressure la contained by the inside facing. 


The expression for the transition curve as represented in the. coordinate 
system below is: 


y * e 


•Bx 


r ’ * 

: BK (Sin Bx - Coa Bx) - P Coe Bx 1 


2 B 1) 




Hemlsphere 


Cylinder 

Point of Inflection 


6 -6 
c $ 


Y 


For the symmetrical curve of the sandwich shell, M *e, and therefore 


Y » e" Bs 

"9— 
2 B D 


P Cos Bx 
o 


’there 


0 * 81 

TV 


(Flexural Rigi 


E » 4 


. IX 


(Elastic Parameter) 


For■the fib*ygla*/®elatin sandwich material of -this study 

I ( e i > \) (2) (1/2 in)* d i ♦ a n 0.0C55 in 4/in 
2 4 

S 2.0 x 10* put 

u 0.15 - ■ A 

d^' 0.012 In 

yv/ t 4 24 in 

'^Inoahenho, tfelnowsky ~ Sriegat' '’Theory* of Plata* and Shall* 2nd Ed< 
stoCvaw-iilH Book Company, Inc., ’tew York, 1259 




Therefor*, D = 1 


10 


B = 0 175. 


The maximum deflection, 6 -6 , is the difference between the radial 

c s 

deflection* of ‘J: hemisphere and the cylinder. Therefore .* - 6 


* r/Fd. (H 

i (pc 


W ) * 0.160 in. Since the transition curve is ayrametri- 
<J8 

* 


cal about the Y - axis, the equation of the transition curve at x ~ 0 is 

= .180 } and Po = -10.8 lb/in. 


equal to (6 - 6 )/2. 

c s 


Therefore, 


x—o 


-?o 


2E 3 D 2 

The secondary bending moment, Mx, is equal to (-D) (d a y/dx 5 ) 
Differentiating the expression (or Y as ■% function of Bx twice gives 


d 3 y/dx a - -1_ 

2 BD 


2BM <p (Bx) + 2 ? 6 (Bx) 

o o 


Where (p (Bx) and 9 (Bx) are the functions described and plotted in Figure 

he exprestio 

f 6 (Bx) 1 


8 again, since * 0, the expression for secondary bending moment reduces to 


Mx * +Po 
B 

From Figure 8, it/la seen that 0 (Bx) is a maximum at Bx * 0.8. Thus, the 
maximum secondary’ bending moment is equal to 


M » -10.8 
8 .175 


(0.32) = -19.8 


•in ~ lb 


/ in. 


The location of the maximum banding mame.it is 4.56 in from the juncture of 
the cylinder and the hemisphere. 

The maximum banding moment, Ms, results in facing stresses of approxi¬ 
mately 19.8 Ib/ln parallel to the flutes of the core. 

The most severe maneuvering loading condition m.e Investigated for its 
effect on the expandable cylinder. This consisted of supporting the cylinder 
with a 10-inch diameter boom attcchacut flange at one of the hemispherical 
poles and accelerating it 0.10 "G" perpendicular to Its axis The expand¬ 
able cylinder was conservatively aasmied to weigh 50 lb which resulted in a 
bending accent at the bocm attachment flange of 240 in-lb. line maximum 
stress 1.x tlia facing of the sandwich, structure can b# approximated by the 
following expressions 

n \i * 

*# : l 




*1 ) In 


i loarh, ftaymstid J., 1954- fatml** For- Stress and Strain, 3rd ad. Sew York 
City, McGrm -Sill Booh Ccwpany, Tnc. 
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Where,. 


M * 240 in-lb 


r 6 - 5 in (Radius of Boo® Attachment Flange) 

as = 1/u ~ 6.67 

fc » .49 r 3 / (r„ + „7r) a 

r = 24 in (Radius of Cylinder) 

t = 1 in (Depth of Sandwich) 

Thus, N = 4.05 Ib/in. (Parallel to the flutes of the core). 

A simplified thermal loading condition was investigated as a preliminary 
approach to the problem of thermal stresses in the expandable cylinder. A 
temperature gradient, £T was assumed normal to the surface of the cylinder. 

It was also assumed to be uniform around the cylinder. Thus a unit angular 
distortion, d 0 , would occur between the facings of a section of the 
cylinder if it were unrestrained. See the figure below. 


T+AT 



But, the restraining moment, M, in the cylindrical shell can be equated to 
a unit «Rg.jiar distortion, . 




Therefore, the restraining bending moment can he determined by equating 

8 . * 6 . 

1 a 

And, M « cATSI ( re t) 

v. ..t ■ r e fc/* ..... 


W c, 5fiie«uaaraus*' 




Where, 

a 

-5 

« Coefficient of thermal expansion -2.0 x 10 in/in -*F 


s 

~ 2.0 x 10 8 psi 


X 

- 0.0055 in 4/in. 


t 

= 1.0 in. 


r 

= 24 in. 


The stress in the facings would thus equal, 


N = 0.224 in~®F, (Perpendicular to the flutes of the core). 

<P 

This expression is conservative and unrealistic since it Is based on 
a uniform thermal gradient around the entire structure. Actually, the 
thermal gradient, h T, and the restraining moment, M, would be functions o£ 

<p and must be integrated as such in determining 6 (J and 8 a . 

The facings of the fluted core, sandwich shell are essentially long, 
narrow simply supported, flat plate elements. The bending moments associated 
with the secondary stress, inertial, and thermal loadings mil produce 
compressive loads in the thin sandwich facings which tend to buckle theta at. 
low stress levels. The critical buckling stress levels in a long, narrow 
rectangular plate can be expressed as follows*. 

a. (Parallel to flxttes) * 4tr 3 S ( d o) 3 * 6720 pt*i 

8 TUTU-p*) ~S 

ct (Perpendicular to flutes) » tr 3 S ( d o) 3 » 1680 psi 

9 035 C1V> s~ 

Where, 3 and p are the same as before and 

d = thickness of thinest facing = 0.010 

o 

S = core spacing ~ 1.0 in. 

Thus, the secondary, inertial, and thenral-rending-iiicnent stresses 
can be compared to allowable, stresses which are the critical but!.ling 
stresses reduced by a factor of safety of 2. This comparison is shown 
In Table 21. 


♦Timoshenko And Gara ’’Theory of Elastic Stability" 2nd Ed. 
McGraw-Hill Sook Geopany, Inc., Haw York, 1961 








TABLE 21 


CYLINDER FACING STRESS 


Loading Condition 

Actual= N /do 

Allowable 

Remarks 

Internal Pressure 




(Secondary Stress) 

19.8 = 1980 psi 
.01 

3380 psi 

Realistic 

Maneuvering 
(0.10 "G t! ) 

4.05 = 405 psi 

“Toi 

33S0 pai 

Approximate 

Thermal 

( T = 37 1/2F) 

8.4 = 840 psi 
.01 

840 psi 

Conservative 


In Ruonaary* a fluted core sandwich configuration has been optimized 
for use as the structural shell of the 4 by 8 toot expandable eylihdsr. 

A number of loading conditions were consider'd including internal 
pressure secondary stresses, maneuvering, and thermal loads. Tfn sand¬ 
wich configuration was optimized for an internal pressure of 7.5 psia, 
a 0.10 "G" acceleration, and a temperature differential of 37 degrees F 
normal to the surface of the cylinder — all with a factor of safety of 
two. 

The weight of the optimized »«*r.dw£«Jh shell (including 33 par cent 
gelatin resin) is 0,31 psf or about 30 lbs total. 











5.0 MATERIALS TORXFtQLTISB F&QGKAM 

.4 very extensive laboratory program was organised to verify the design 
concepts, materials, and seaming and joining methods Sat the tolar concen¬ 
trator and cylinder. Following is & genaral outline of the areas covered. 

a. Struet^ral-Msch&itical T eats 

1. Tensilfe Tests 

2. FX&rut&l Tests 

3. Cylinder Seaming asid Joining 


b. 


Compatibility And Shelf-Life 


Teats 

••.Owsirtu* 


1. Qualitative Teats 
?. Flexibility Tests 
3, Materials Degradation. Aiebiant 


c. Packaging Tests 

1< Materials Degradation 

1. Hand Folding 
3. Forced Folding 


d. Resin Tests 

1. Cure Tlr* Parameters 

2. Shrinkage Parameters 

3. "3"-Staging Parameters 

4. Degree of Cur*' 


a. Environmental Tests 

i»- U.V. - Vacuum Degradation 

2. Electron Radiation Degradation 

3. Thermal Degradation 


t. Thermal Tests 

1. Ther;.>al Characteristics; 
2* Thermal Pararcstsrs 


Sons of the results are included In the Appendix. 





5,1 Structural-Mechanic*! Tests 


5.1.1 Fabric-ReaIr Ratio Optimisation 

The gelatin-fabric ratio (3:10) was optimized for maximum 
strength-to-weight characteristics. Gelatin and fabric composites were 
evaluated for tensile, flexural, and shear strengths. It was the intent 
of the experimental program to optimise the re^in-fabric ratio for both 
fiberglass and Dacron, To date, however, all of the strsngth-to-weight 
optimisation studies have been conducted with No 181 fiberglass fabric ( K E" 
Glass, Volan "A" treated). 

The tensile and shear teot specimens were made of singl® ply 
laminates with varying gelatin contents. The flexural test specimens 
were made of triple ply laminates also with varying gelatin contents. All 
„ specimens were "B M -staged with formaldehyde and dried at ambient conditions. 
Prior to testing, the specimens were dried in a bell jar ct 10 to 50 microns 
and room temperature for 24 hours, ‘All specimens were tested within an 
hour after removal from the bell jar. 


5.1.2 Tensile Tests 

The results of the tensile tests are shown in Figure 9, In 
this figure, the ultimate tensile load (lb/in) is plotted vs the gelatin 
content of the test specimens. An illustration of the test specimen is 
also shown in Figure 9, The lower curve is a plot of the ultimate tensile 
loads divided by the representative weight of the sample. This curve 
indicates that the optimum gelatin content for maximum tensile strength- 
to-weight ratio is 15 per cent of the total composite weight. There was 
no significant change in tensile modulus at any gelatin content. The tests 
were made on an Ir.st.rom tensile tester with a jaw separation of 0.2 in/min. 


5.1.3 Flexural Testa 

The results of the flexural tests are shown in Figure 10. In 
order to eliminate the effect of increased specimen thickness with increas¬ 
ing gelatin 2 cont«nt, the ultimate bending moment has been reduced by a fac¬ 
tor, (t/t ) , where "t’ c is the specimen thickness and t is the 10 per cent 
gelatin specimen thickness. An illustration cf tfca mid-point loading 
arrangement is also shown in Figure 10. Again, an optimised load curve la 
obtained by dividing the actual bending moment by the representative weight 
of the sample. This curve indicates that the optimum gelatin content for 
maximum flexural (i.e., compressive) strength-te-weight ratio la 40 to 45 
per cent of the total composite weight. These tests were made on an Inatron 
Tensile Tester with a jaw separation of 1.0 in/mln. 


5.1.4 Seaming and Joining 

Three types of adhesive seams were tensile tested; Estane, vinyl 


plast.isol, and polyethylene. Thdr,j adhesives sre representative of three 
types of flexible adhesives; a solvent-adhesive system, a thermosetting 
system, and an insoluble hot-aelt system. The seams were tested with a 
1/4-inch, * 1/2-inch, and a 1-inch lap of No i.81 fiberglaa fabric. Two 
aeries wore run; one at 75 F, and a second et 200 F. The results of the 
testa «r® listed in Table22. 

TABL3 22 r 

SEAMING AND JOINING TESTS 


Average Ultimate Shear Strength For 3 Samples (Ib/in) 




75 F 


200 F 


Lap Width 

1" 

1/2" 

1/4" 

1" 1/2" 

1/4" 

Adhesive 






Hatane 

M 

K 

M 

M M 

74* 

Vinyl Plastisol 

K 

’A 

M 

74* 46* 

44* 

"olyethylone 

M 

M 

M 

85* 63* 

27* 


it „ 

These samples 

peeled at 

seam. 



M - Sample developed full material strength (110 to 

120 lb/in). 

Aa can be seen by the table, the only adhesive samples which 
maintained their 75 F strength at 200 F were the 1-inch and 1/2-tnch Estans 
strips. Mora tests were conducted on the same type of seam samples, but at 
0 F and -50 F. All saama maintained material strength at these temperatures. 


5.2 Compatibility and Shelf-Life Tests 

Test specimens were prepared, folded, packaged, and stored in an effort 
t-j initlE*-'* the experimental work in the eras of shelf-life and coosatibil- 
ity. The specimens that were prepared would have measured the effect of 
packaging, storing, flexibility, and degradation on the materials and com¬ 
posites of this study. These packaging and ahelf-life specimens were to 
have bean periodically examined for weight loaa, which would Indicate lose 
of resin solvent, and for pressure change within the packaged specimen, which 
would indicate sublimation or leakage in the staled package. 

The teat specimens included composite sections of the Solar concentra¬ 
tor and of the cylinder structures. Theat specimens were resin impregnated 
and adjutted for tba minimum amount of water necessary for flexible packaging 
conditions. The composites ware folded to simulate full-eixe structure fold¬ 
ing conditions. The specimens were to be visually and qualitatively examined 
after six months. ‘ 


Test specimens of the flexible adhesives of the two structures were 
also prepared. The adhesive samples were Estane 5740-X-071 , DuPont 46970, 
and Shell epoxy Epon 872x75. Test specimens to measure the tensile and 
flexural strengths of number 181 fiberglass and gelatin laminates after 
storage were also prepared. In addition, test specimens of the one-mil 
Mylar balloon end cap, and aluminum-Mylar-aluminum, reflective surface ma¬ 
terial were prepared for gas permeability measurements after storage. 

Unfortunately, the only items to survive the move from Viron to 
Schjeldahl, ware four impregnated samples of the solar concentrator com¬ 
posites . The following information, from a laboratory notebook, describes 
these samples. 


TABLE 23 

COMPATIBILITY AND S'.tELF LIFE OF SGLAR CONCENTRATOR COMPOSITES 


Sample 

Number 

Reflective 

Surface 

Material 

Foam 

Material 

1 

A -12 type 

Scott Series 
900 - 10 

2 

A-12 type 

Scott Series 
900 - 10 

3 

Mylar 

Polyurethane 
open cell 

1/8 inch thick 

4 

Mylar 

Scott Series 
900 - 10 


Dry 

Weight 

(gms) 

Wet 

Weight 

(gms) 

Gelatin 
Solution 
We iglit 
(gms) 

Packaged 

Weight 

(3ms) 

181,9 

206,4 

24.5 

210.0 

170.4 

187.4 

17.0 

192.3 

105.0 

123.0 

18.0 

127.5 

127.3 

142.2 

14.9 

147.9 


Each sample was a 10-inch by 10-inch Bolar concentrator composite vith 
random-scatter, drop-thread Dacron a# backing material. The reflective 
surfaces showed tto signs of shrinkage, crease marks from folding, or show 
through, except the surface of sample number 3 which had an orange-peel 
effect caused by the foam. All samples were folded twice, sealed in poly¬ 
ethylene bags, placed in a cardboard container, and stored in the labora¬ 
tory store room, fto record of interim examination could be found. 

Table 24 describes the samplers after an eight month storage period. 

If future shelf-life studies are undertaken the following suggestions should 
be considered; samples should be packaged in containers that are less per¬ 
meable .than polyethylene, the highly acidic (ph 3.8) gelatin resin should 
be neutralised with NaOH prior to impregnation (this was not done on these 
•amples), and more complete records should be maintained. To emphasise this 
last suggestion, the purification of samples number 1 and 2 was probably 
caused by nefB"-staging, while samples number 3 and 4 were probably "B"- 








staged. Ho' reeat’S can be ittetd to thie-i» true. Bwswf, 

ben-sotc acid Is usually a£3gg,'.&e preserve rhe gelatin, o*'-"N"-staging Will 
also'aefc' «».*•• pii^s^rvstlvs. ' * 'A; 

It was proven, after-these. sample* •!»*• packsg**, .fcfe®t the act* : to,tb* 
gelatin rsscfca with the A-12 type sfter.isl to fot® a gas which causes telle- 
UII on the surface. The bllfttrs '*ks between the slaainua «nd 

tfes Mylar inner layer. RowrSr, this wee cvss&cefc ay noutraltsing'the gei- 

at £n. • "v' .4: 4 .-•. 

3.3 Packaging Test e -VvA 

Teat a '^re conducted to «$«t*r»infc the effects of folding end packaging 
on the tensile strength of the fiberglass sat9 ! ,'ia2 One ply sesep’es of &<? 

151 fiberglssc i^rtfnated to 30.par cant gei*tiii;:.«!mfe«at, were sited, The 
samples were folded, and subjected ti&;'-5'‘-|>si, 10'pSl,.;*&%.15- psi sOithAt the ,. 
fold and compressed,'': ; Tjh»iMi samples vera '-jam fit. each levs! 

with three control. sample* n^; fbt&ed, i The pr^5?ure warf held f©r-:-|- minutea, 
and the samples war® unfolded and vicuun cured; ^ach seatple was then tested 
for tensile strength. Table 23 list* the results. ; 

* : V t*;. ■ TABLE 25 ” V.% ,. C. ■ 

EFFECTS OF PRKSSf&E FOLDS ON Ntt 181 l^BKRGIASS MATERl&I "IMPREGNATED' VDJH GELATIN 

Frassute'oa Fold TsnsiJe Strength Ib/in - 

. Sample Mo 1 Sample N*» t Saasple. No 3 


No Fold 



400 

420 

400 

5 psi 



134 

120 

106 

10 pel 



131 " 

' 106 

i 

104 

15 psi 



73 

65 r. 

53 


Theta testa indicated * definite degradation in th« strength: of the 
fitorgtess material when it la pressure-folded. However, this test repre¬ 
sented e^trea* condition# with a single fold compressed between hard sur¬ 
faces. The main purpose was to compare these results with a similar test 
on Dacron and nylon meteriels, 

A packaging test atoiler to the one described above was conducted on 
4 o*/yd , singl«f*ply, nylon cloth topregnfttad with 30 per cent gelatin. 
The results: showed no strength degradation from felling. 





160 lbs - 
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5.4 Resin Teats 

5.4.1 ' Cute " fiafi S tudies 

Cure tiaa of the gelatin material was studied in three ways. 

They were: (a) cure tiae as a function of gelatin thickness, (b) cure time 
as a fssisiitn oi the solvent-fco-solid ratio end, (c) cure tisa as a function 
of the type of solvent system used. 


5.4,1.1 Cure Time As A Function Of Gelatin Thickness 

For this test, 3-5/8-inch diameter discs of gelatin 
^re cast in thicknesses varying from 13 mils to 1C4 mils. The solvent used 
was watnx end the gelatin to vater ratio was 1:1. Two aas$>les for each 
thickness were cast, and the netuaX thicknesses and weights were measured. 
One set of settles was placed ir one 18-inch bell jar and the other aet in 
another bell jar. Each sample was on a spring weight scale (upper left pic¬ 
ture in Figure 11) so that weight losses with time could be measured. The 
results of these tests are graphed in Figures 12 and 13 as percentage of 
water lost versus time in the vacuum. The conclusion was that thickness 
of the gelatin does have an effect on the cure time of the material as 
the thinner samples cured the most repidly. The initial solvent loss is 
nearly the u*am in oil samples because of flash-off of the water on the sur¬ 
face, However, thickness becomes a factor with time since the interior 
water must diffuse to the surface to evaporate. 


5.4.1.2 Cure Time As A Function Of The Solid-To-Solvent Ri r.to 

Samples for this test were also 3-5/8-inch diameter 
Cfcat discs of gelatin material with water as the solvent. All samples were 
100 mils thick. The percentages of solvent in the samples were 10, 15, 20, 
30, 40, and 60 per cent. Again, two samples of each level were tested in 
the 18-inch ball jar and the weights were monitored on the spring scales. 
The results arm shown in Figurea 14 and 15 where they are graphed as per¬ 
centage of the solvent lost from the material In the aaople versus the time 
spent in the vacuum. Thare is no aignifleant variation ?.n the cure times 
for the various percentages of solvent*. 


5.4.1.3 Cure Tima As A Function Of Various Solvent Sy nteur 

The six different solvent; systems used in these tests 
are listed in. Table 27. .411 were impregnated in Ho 181 flbetglaa fabric. 

For the test the following procedure we# ueud, The bell jar was ufele*dad 
©a ell sides with metallised Kylcr that a standardised environmnt could 
be achieve! (upper right of Figure 11). Two 4"by 5-inch samples were i*»ynt«d 
In th® bell jar, one on the spring sculo and one in the center wJth two 
thermocouples Imbedded An It (uper of Figure 11), The b*U j« r wee 
evacuated and weight los* end toaperiturs ecn»i.antiy checked {bo 1 tom of 
Figure il,. Th* result* were graphed to date mine, which aystem cured at the 






greatest rate, Figure 16 is a ceapositw of. the** graph*. It shows the 
percentage of solvent in the saople by weight versus the tiao in the hell 
jar. As eta he seen by the different slope® of the curves, the 75-A sys¬ 
tem of ICC o*r cent sathanol cured fastest end reached e greater degree 
of cure in less tiaa than the other systsas. The ether high percentage 
sathanol syefear and the alcohol systaas showed rapid cure rules, except 
the 7S-A system was crcsslinked by lasersion rather than by tha gaseous 
process. This would indl-iat* that liquid croealinking tends to retard 
tha curing of the wstk/'uol aystems, possibly because it pscet atea the 
whole sample rather than just the surface. 

To datsrnia* if s vacy.va la a necessary rendition before t)-e gelatin 
system will cure, sauries, ware, tested In e dry box. Tbs relative tumidity 
of the box was kept Miew 10 per ceat and the temperature at 90 F, The 
tests were not cocciualm; however, the cure rates Bests to correspond close¬ 
ly to the vacuum cure rates. The steep taaparntore drop experienced in tha 
vacuira ss tha gelatin solvent wee flushed off was not present. 


5.5 Shrinkage of Structural Material 

A series of 10 ty IQ-inch flutad-core, Dacron pillows were impregnated 
with 30 per cant gelatin-water solutions. Varxeait tension* were held in 
tha material during euro. Measurersents of linear changes were taken at 
selected intervals over two weeks. The results ar# presented in Table 23. 
Tension was restored after the first 24 hours. Although tiara IS scsse data 
scatter, the table shews that Boat shrinkage occurred In the material which 
was Dot in tension during cure. 


E-Staging is a process of crosslinking the jelled gelatin r«sin system 
with formaldehyde. This causes the gelatin to rensin in a solid, jelled, 
flexible, and a.ou~tacky condition that cannot be dissolved or wasted sway 
by liquids such as water, A structure that has been impregnated, B-Staged, 
and cured (rigidised) can then be wade flexible again by the addition of 
water or water vapor. B-St*gXng also produces a certain amount of manory 
or elastic recovery. As an example, if a fluted coro structure is iiapreg- 
nsted with gelatin, inflated to its desired shape, B-Staged, and than pack¬ 
aged, th« structure, upon opening of the package, would tend to spring back 
to Its original inflated shape. 

Tha first approach to the B-staging of structures was to expose the 
structure to vapors &tm a solution Of formalin and water. This method did 
not provide an accurate dettraindt£on of the actual amount of torualdehyda 
used in the process,, In addition, scaling up to the large structures appeared 
to b* very difficult. 

Another mothod of B-staging was developed that at first had promising 
results. Tba method was to add £©ratlin directly to a gelattn-watsr solu¬ 
tion and heat the mixture until if was near gelation, than isspregneta tha 
evructure and rlgidise It. The structure can than later be «*o« flexible 
•gain. 












’tibtt degree of S-staging attained waa found to be dependent on the 
concentration of formalin and the tirae-tcaperature product of the r«3in 
solution. Prelioinary experiments have shewn that it is necessary to maintain 
a minima* solution te&perature of 85 to 99 ? to attain an appreciable amount .• 
ei B-staging with any formalin concentration ar.d over any time interval. 

90 F t however, there is a definite correlation between the amount of 
formalin added and the time required for gelation of the solution. 

Table ;?6 sucBsarisea these experimental studies and shous the correlation 
hatwesn gel time, formalin coocentretion, and temperature. Also shown in 
the t&bls are characteristics of the refiexibilized structures. An optimum 
formalin concentration appears to be 8 to 12 par cent of the gelatin solids. 

This s»?hed proved to be unusable for large areas or large amount of 
packaged materials for several reasons; these were* inability to ccnr.rol temp¬ 
erature throughout the materiel being impregnated, the inability to definitely 
contra! pot life, and premature 3~atagisg (before completion of impregnation). 


TA3LB 25 

B-STAGISS GtARACmiSTICS OF FORW.UIN 

Formalin* Fre-Itspregnation Eeflesibilized Struct area 

(Far Cent) Solution Temperature: Iiipregnated AtEfer Adding Formalin:** 

110 F 9 0 F 2 hr*. Wt. At Gel Feint Wt. 

Fot Life g at Life Tacky Memory Lo33( %) Tacky Memory Los«(% ) 


2 


- . 

- 


Yes 

None 

28 

- 


- 

4 



. 5 S/S 

hrs 

Yes 

1/2 Folded 

U 

- 


- 

8 

3 

1/2 hrs 

4 hr s 


No 

Unfolded, 
No Sepn. 

5 

Re 

Full, 

1 Sec. 

u 

12 

2 

1/2 hrs 

3 hr; 


No 

"Full, 

_ 2 sec. 

4 

No 

Full, 

1 Sec. 

4 

16 

2 

hrs 

2 1/2 

hrs 


* Full, 

2 fee. 

3 

No" 

FU11; 

2 Sec. 

3 


* Kasdd On Wt. Of Gelatin Solid# 

** Cooked At 90 F 

Fivs-by five-inch samples of Oacren fabric with random-scattered, drop- 
thread, cores were used ft* the resin substrate, in the experiments. The re- 
flexibilised characteristics were determined as fellows: 







Tacky. A subjective test. Yes or no. Tacky to the touch. 

Kt. loss. Less of gelatin after reflexibilizing in 140 F water 

for 5 minutes. 

!fc;sor?'. degree of elastic recovery alter folding the samples 

twice. Ona-halr folded indicates that the structure 
unfolded only once. Unfolded, no separation, indicates 
that the sample unfolded twice, but there was no recovery 
of the drop-thread core. Full, 2 sec. indicates that 
tic structure returned to its fully expanded shape in 
two second*. 


Iksrlng the B-staglng Csxposing to vapor fros a solution of fora&iin 
and water), paraformaldehyde formed in the flcsk containing diluted formalin 
solution. Paraformaldehyde is a whits amorphous solid, insoluble in water 
and organic solvents, and dissociates into gaseous formaldehyde when heated. 
Because of this latter property and the fact that a direct measurement, of 
the amount of gas evolved can be made, it war decided to attempt B-staging 
structures with'the heated solid material. 

An 18—inch fiberglass cylinder was impregnated with heated gelatin, 
and cooled to room temperature while inflated with air. Formaldehyde gas 
was then directed into the structure for 18 hours. The gelatin became non- 
tacky a;<i had very good memory after being folded. The process appeared promis¬ 
ing and further work was completer to determine the amount of solid material, 
and the length of time necessary to B-stage a given structure. 

Two, 10-inch, two-ply cubes, fabricated from 1 layer of No 181 and 7. 
layer of No 402 fiberglass cloth,, were vacuum impregnated with 30 per cent 
gelatin-HyO solution at 130 P. The first cube was vacuum cured And then 
B-staged with formaldehyde and water vapor. The second cube was B-staged 
immediately after impregnation. Some of the water was removed from the 
second cube by directing air into its interior for 3 hours before introduc¬ 
ing the formaldehyde vapors. 

It appears that the procedure utilized for the second cube is more 
practical because it was B-ataged to a packageable flexibility in about one- 
third of the time it took for the first cube. In addition, the necessity for 
first rigidizing a structure was eliminated. Starting with heated vaper car. 
probably reduce the processing time further. It was also noted that a 
gelatin-water ratio of about 1:1 seemed necessary for the required degree 
of flexibility. The weight ratios of materials at various 3tages are shown 
in Table 29. 

The second cube was folded and chilled to -20 F for one week, brought 
■--< room temperature, and vacuum cured with no apparent adverse effects, 

5.6.1 B-SCaging Tfen-Foo t Solar Energy Concentrators 

A further improvement was made in the B-staging procedure which 




appear; to be very efficient ^nd directly applicable to larger structures. 
Figure 17 depicts the apparatus oaploysd. Paraformaldehyde and water were 
heated in separate containers endued in A. The air, saturated with water 
and formaldehyde, vse circulated towards B by ar axial-van© fan (D) of A 
60-cte capacity. The air coded copper coilsj B, act ae coodeneers to cool 
the saturated air to rob* temperature to pi event dissolving the galatin on 
the impregnated fabric. The vapors are then recirculated ui*der the plastic 
fll* which covers the gel&tin-iapregnatad structure, and back into the con¬ 
tainer, A. Dm-eacted formaldehyde vapc.ru pays through tba opening at C and 
are recycled. The condensate in the copper coils automatically drains back 
into container A. An advantage of this system vaa thst it was self-enclosed 
and irritating vapors did not contact personnel. A 10-ioot structure was 
succeosfully L-staged by the Jsethcd described. 

5.€.2 F ormaldehyde Determination 

A method of determining the e^ount of foraaldebyue s used in the 
Besieging process, was developed. Formaldehyde reacts with aqueous potassiiat 
permanganate according^ to the following formula: 


Side A 


Side 2 


2Ob0 & + 33CDH ♦ 1^0 


2Mo0 2 * 31XD0H 


Side A is a purple colortd solution which bee rases colorless 
when all of the permanganate has been converted to manganese dioxide by the 
formaldehyde. The MnOj is an Insoluble precipitate. By knowing the initial 
weight of the paraformaldehyde and the asaount of KMnO^ in a solution, the 
formaldehyde *»*bich has reacted with the gelatin, plus the small amount lost 
to the atmosphere under the £il», may be determined. 

It was intended tc comect the flasks containing KMnO^ solution 
at point C, Figure 17. - Should the B-staging process see* complete before a 
color change occurred, accurate determinations could be made, either gravi¬ 
metrical ly (amount of precipitate) or by titration. 

5 . 7 DBGRBB OP CORE EFFECT ON STRENGTH 

Tensile and flexural tests were conducted on the gelatin impregnated 
fiberglass fabric to determine how various degrees of cure affected the 
tensile and flexural strengths of the material. 

5.7.1 Tensile Teats 


Single ply Sto 181 fiberglass samples, impregnated t.s? 2? percent 
gelatin content by weight, were used in the tensile teats. Irhs. degree of 
cure varied from a water content of 0 to 30 per cent. The result* cf these 
teats are graphed in Figure 18 which indicates an increase of strength after 
a water content of 10 par cent cr lean is reached. More testing in the 
region of 20 per cant to 30 per cent water content is needed to determine if 
the strength levels off at the basic strength of the fiberglass. 








5.7.2 Pitxyral Test* 


Btrea ply s sopite of Bo ISi fiberglass iapregnsted to 23 per cent 
gelatin ©anient by weight .Mere used in the flexural teats. The degree of 
cure varied from 5 t». 4S per tent water contest. The results. Figure 15, 

•how a definite .increase in strength as the residual solvent approaches zero. 
However, sore testing in.the region froa 15 to 30 per nest water content is 
needed to define the variation in strength sore accurately- 
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FIGURE 12 CURE TIMES AS A FUHCTIOJS CF GELATIN THICKNESS 
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COBB TISCS AS A FOKCTlOtf OF SOLVENT CONT'®T 
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4S32-73^A. Glass Fabric Impregnates - gaseous formaldehyde 

cross!inked *• Not dried. Solvent exchanged by 
suspending In 100 % methamol for 16 hours. 

4612-74-A Glass Fabric Impregnate - gaseous formaldehyde 

cretmlinked. Dried. Remoistened with water. 

4632-7i~B Glass Fabric Impregnate - gaseous formaldehyde 

crass!inked. Dried. Remolstened with 20 % 
methanol. ( 

4632-74-C Glass Fabric Impregnate - gaseous formaldehyde 

croasiinked. Dried. Remolatened with 80 % 
methanol. 

4612-74-D Glass Fabric Impregnates - gaseous formaldehyde 

erosslinked. Dried. Ramoistansd with 80 % #30 
alcohol. 


4632-75-A 


Glass Fabric Impregnates. Not dried. Cross- 
linked and dehydrated by innerslcm in 1 % 
formaldehyde in 80 % methanol for 24 hours. 









PIOT&B 16 CORE RATES FOR VARIOUS SOL 1 











PER CENT SimiBKAGS 
VS 

FABRIC TBKSI08 HKLD DtHING C3R3 
















TASL2 39 


B-STA3I*? A?^st FACKBi OS* 
VS 

AF*T® GSLATIN IH?ag3iATI01* AN& 
H&«ST RATIOS 0? MATSUALS 


After Impregnation 

Sfelght Ratios - . '•• . Cube 1 

Fabric • £.08 


Gelatin 1,09 

2.57 

A fter Vacuum Cure 
ight Ratios ■ 

Fabric 2.08 

' Gelatin 1.G0 

H 2° 0.10 

S-S^aging Tine ^ - 

|; . ' ' , : v? . " <: ■. ■ 

AlsUthyde/H^ft at 40 p 17.3 hra 

Aldehyde/^jC at 120 ? 22.5 hra 

Total time to complete 40.0 


After B-St&ging 
Height Ratios 



O : '- 


Cube 2 

2.44 

1.00 

2.53 


BOt , 

rigiiieed 

5 bra i 

6 hra 

13.0 


Gelatin 


1.00 


1.30 
























Per cent Water In Sample 

TKKSILR STRENGTH VS. DBC-SSE OF CURE 








x cent Water In Senple 
FLEXURAL STRENGTH VS. DKJittKIi OP 









5.0 SOLAS HISSGT CORCEmATOSS 


6.1 PSSU>n:KAST DjSIGK 

The solar collector design for this study Uss been baaed entirely on 
tba theory that only very minimum restoring forces can be tolerated in any 
part of the collector composite-. Past efforts used Mylar, flexible epoxy, and 
sandwich material as shown below. 


Structural 

Material 


Flexible Spexy 

Mylar 


This canpositi was initially assembled at a Mylar skis stress cl about 
3,000 psi. After the composite bonding was completed, the structure was im¬ 
pregnated with gelatin and cured in & vacuum environment with the Mylar 
stressed to about 6,000 psi. Fabric show-through, orange-peel, and crease 
separation of the Mylar from the flexible epoxy, often resulted. A detailed 
analysis of the causes of these defects was made and several theories such 
as post-cure gelatin shrinkage, large differences in stress-strain relation¬ 
ships of components, and material creep were investigated. 

The design which appeared most promising for development with this con¬ 
cept is shewn in the following sketch, Figure 20. 

The design is based on a nonrestoring strain-set material for the reflec¬ 
tive surface, (high modulus material) and a stress being insured in the struc¬ 
tural material during resin cure. Trade-off studies were made to determine 
the optimum materials and material characteristics to satisfy the requirements 
of this design. Experimental verification of theories such as "no shrink If 
there is a tension in the structural material during cure” were made. Eefer 
to materials verification program. 


6.2 EKPKRIMgmL SOLAR CORCBJISATOBS 

6.2.1 24-Inch and 28-Inch Diameter E xperimental Models 

Verification of the solar concentrator design whs completed using 
24-inch and 28-inch diameter experimental models. Fabrication tech..’ AKku 
procedures ware developed that would have application to the 10-foot and 
larger diameter collectors. Work on the small experimental concentrators was 
kept to a minimum so that maximum effort could be placed on the material veri¬ 
fication program and the fabrication of the 10-foot diameter concentrators. 








The first concentrator experiments used a single piece of reflec¬ 
tive surface material which produced an almost flat, dish-shaped concentrator. 
However they provided an efficient means of developing fabrication techniques 
and procedures. 

The result of a significant experiment, performed early in the 
program, is shown in Figure 21. This experiment showed the need for a flexible 
layer, such as foam, to block the weave show-through (orange-peel). It also 
jhewed the need for a good bond between the surface material and the flexible 
foam layer. 

Fabrication of a solar concentrator based on results of the above 
experiment produced the results shown in Figure 22. The wrinkled surface 
shown vss caused by gelatin shrinkage in the foam during cure. 

The next step was to fabricate a concentrator that would effec¬ 
tively block the foam from absorbing the gelatin. One method, using a Mylar 
film, is described in detail below. 

Reflective Surfaces A-12 Material 

Adhesive: Upon No. 872 plus Agent D 

Foam: 10-lb. Polyether - open cell - 1/8-inch thick 

Adhesive: Epon 872 ^lus curing Agent U - 50 gm brushed on foam. 

Structural Backing: 1/2-mil Mylar heat sealed (DuPont 46970) 

to Dacron sandwich material. 

Impregnation Bag: Scotchpak heat sealed (DuPont 46970) to back 
of surface material. 


Impregnation 

Bag 


Impregnation Bag 
Bonded To Reflective 
Surface 

Top and Bottom auigi 
of Holding Fixturt 



Dacron Structural 
Backing 

1/2 mil Mylar film 


Bonded to Dtcr 't\ and 
to Reflective Surface 


The one-piece reflective .surface material was placed in a 24-inch jig and 
inflated to 1.2-Inches water pressure. Approximately 40 gms of Epon 872 plus 
curing agent 0 was sprayed in an 18-inch circle on the back of the reflective 
surface. The internal pressure was removed, the top ring of the holding fix¬ 
ture was removed, and the one-piece, flexible-foam layer placed or. the coated 
reflective surface. The top ring was replaced to hold the foam and surface 
material in place. Pressure was returned to 1.2-lnches of water, and the 
adhesive was allowed to cure. The Dacron structural backing material was cut 
to siae, sewn, and the I/*-mil Mylar blocking film was cut to size. The 
appropriate side of both were coated with DuPont 46970, and heat sealed 








I 

together. Approximately 50-gras of Epon S72 plus curing pgtmfc Uwere brushed 
on the foam, the internal pressure was removed, the top ring was removed, and 
the becking composite was placed on the coated foam. The top ring was re¬ 
placed, the internal pressure returned to 1,2-inch water, and the epoxy ad¬ 
hesive allowed to cure. After the epoxy had cured the lacking composite w&a 
trimmed 1 1/2-inches beyond the edge of the foam and heat sealed, using DuPont 
46970, to the reflective surface. 

The backing was impregnated with a 15 p^r cent gelatin solution 
to a resin solids content of 20-gm resin to 100-gm Dacron. The internal pres¬ 
sure was increased to 5 inches of water, dry air was passed through the back- j 

ing to inflate and cure it. Examination of the surface after cure revealed | 

no show-through, no wrinkles, r.o creases, and only a slight waviness. The ! 

results were very encouraging. Several other concentrators were fabricated, 
using this concept, with very good results. Figure 23 shows some of the 
experiments in various phases of completion. Upper left shows the dry back¬ 
ing, upper right shows the backing in a B-siaged condition, lower left shows 
the reflective surface with internal pressure before cure, and lower right 
shows the surface after vacuum cure. 

^ „ v i 

Effort was now turned to fabricating gored model concentrators in 
order to further develop the techniques f.::d procedures more closely related 
to the larger diameter concentrators. Several methods, such as sonic welding, 
lap seams using DuPont 46970 heat sealed, and a butt seam using Mylar-46970- 
tape heat sealed, were tried in an attempt tc iseal the gores of the A-12 type 
material together. It is interesting to note that material strength was 
achieved with each method. The sonic welding was eliminated because it would 
require expensive jigs to seal the compound curves involved. The lap seam 
was eliminated because of hair-line, leaks which could not be eliminated. The 
final method using Mylar tape has been used very satisfactorily on most of 
the experimental concentrators and on 'll of the demonstration items. 

TWo model concentrators are representative of the many fabricated 
during the experimental phase of the program. The first of these was built 
as follows: 

Skin: A-12 Type, Gored (16) 

Adhesive: Epon 872 plus Curing Agent U - Eroshed 80-gm on back 
of reflective surface in a *'4-inch diameter. 

Foam: Gored (16) butt seamed with heat sealable Kstane. 

Adhesive: Epon 872 plus curing Agent U - brushed 100-gm on back 
of foam In a 28-inch diameter. 

Backing Composite: 1/2-mil Mylar heat sealed to Dacron structural 

material with DuPont <‘+8970. Mylar and Dacron 
material were both assembled from gores. 













Da ertss Struetisrai 


a styier mam- 

Scaled' to Backing 


koflsetive 
Surface 


The. reflective surface, was fabricated fro® 16 gores of A-12 type material and 
Mylar tApe.iXt was placed in the holding rings and pressurised to 3.5-inches 
of water during the retraining fabrication. Th^ foam backing waa fabricated 
from 16 gores into a single piece* This was attached to the lowering fixture* 
which was inflated, and the foam was- lowered onto the back of the adhesive- 
covered reflective surface. The backing was fabricated into.a single piece 
by sewing the 16 gores together* the Mylar was sealed to the backing one gore 
at a iime* This: 48$emhly was attached to the lowering fixture, which was io- 
flatad, and lowered onto the adhesive covered foam. The backing,'which 
weighed 464 gms, was impregnated, With .550 gw® of gelatin solution with 15 pet 
cent solids. < The internal pressure was increased-to' 10-inches of water during 
cure. The hacking was inflated, and cured with dfy air'pressure. The lacking 
was B-staged during cure. Tpe reflective surface was very good except for -v 
some creases caused by the seams of the gored foam. Some/deTaminations also 
occurred between the Mylar and the foam. Several concentrator* -'era fabricat¬ 
ed using this basic concept, but with the following changes* the X/2-mil 
Mylar was bonded directly to the foam, with either Epon 872 or DuPont 46970, 
and than the backing was lowered and bonded to the Mylar. This improved fab¬ 
rication procedures, but not the delamination problems. 


The second, of the two representative concentrators, did not use 
the Mylar film. It is described below* 

Skint A-12 type, gored (16) 

Adhesive* Bpon 872 plus curing Agent D - Brushed 80 gm„ on back 
of reflective surface in a 24-inch diameter. 

Foam* Scott Series 900-10, Gored (16) Butt seamed with DuPont 46970. 
Adhesive* Upon 372 plus Curing Agent U~ Brushed 120 grns on back 
of foam in a 28-inch diameter. 

Backing* Dacron, Gored (16) 







Sectt Felt •—v , 
girlsC^00-10 \ 



Epon .8?2 

Adhesive 



Dacron Structural 
Backing 


Reflective 

Surface 


reflective surface war fabricated, placed in the holding fixture, and 
preaaur^ecl to 3.5-lneaea of water. The foam layer was fabricated, attached 
to thh fixture, and bbaCid to tbe reflective surface. The Dacron 

backingiwhs fahric&te5 s attached to the lowering fixture, and bonded to the 
foea. T^ie^rructurai^ekiHg was impregnated to a gelatin content of 12 
per cent s bdscd or. the weight of-the backing. The internal pressure was 
isctieaee§ to lb-inches of-and the" backing was inflated and B-staged 
during cure. ' :; ' r 

The reflective surface of these models way. & slight improvement 
over earlier experiments, however, some creases still persisted fro® the 
c^isams ef the"foam gores.' 'There was ho evidence of gelatin being absorbed 
by the f oam. This was probably because of the excess amount of Spoil 872 used 
to Jandthe .backing; to the foam. It should fce-noted that the foam layer had , 
a tendency to wriBkle when 'being bonded to the ’reflective surface. This re- 
avltud in busbies b't^ifeeh the foam and the reflective surface. The wrinkles 
were caused by a mismatch of the two surfaces. 

;■" gevats;!'experiiaental concentrators warm fabricated tv bonding the 
foam gores individually to the reflective surface. However this required 
that, the fittll fpaas gore be tailored to fit, and resulted in miselineiaent 
of reflective' surface and'fbam gdre lines. • 

The techniques and procedures for the first 10-foot diameter solar 
concentrator werd derived from this experimental program, .It was decided to 
fabricate,it fjfaa a gored reflective :: 8^rfade;'Of-A-lS type, material, a gored 
foam layered Scott berihs SQQ-1Q, and a gored backing of Dacron, .random- 
scattered^ dropithread mit«rial.’ Jpon 872 x 75 epsocy plus curing agent U 
would be used t$t the adhesive to bond exponents together, and a lowering 
fixture would be utilised during this bonding operation. 


6.2.2 Teh-foet B'iiitieter •? 


Solar Concentrators 


The first 10-foot diameter solar energy concentrator was assembled 
and rigidissad with some encouraging results. The aluminum-Mylar laminate 
• material wa|a Mad' for' -an#- the structure was fabricated 

on. u Ih-fodt 'gbvenKRottf'furnished fixture-'. Components -wssfe assembled 

and gelatin ves Impregnated l st a low internal pressure, while a higher pressure, 
sufficient to Sfet tSkti, WIuminumi : w®» employed .during gelatin cure.-. 

■ rVV j,' , v K , , v : . ' . , ■- 

Figurec 24 thrcUgh 2$ ddpict some of the steps and fixtures use:, 
in the construction of the unit. Figure 24 shows a fixture designed for the 
purpose of minimising handling of the reflective surface materiel. The fixture 
consists of a MME'dot diameter plywood base plete with three curved wooden 

which support « gored polyethylene film. ' By referring to Figure 24, 




it naf be amn than an operator has access to an entire gore length. A strip 
vof Teflon-coated n'oprane provided a base for heat sealing the reflective 
surface gores together. After bonding two gores together, they were carefully 
movsd counterclockwise over the inflated polyethylene film and a new gore 
positioned for sealing. When sealing the last gore, the operator brought 
the outer edge of the reflective surface up toward- the center just far 
enough to allow him to reach the tip of the gore. 

a -* 

When the laminate material was completely assembled, it was very 
nearly free from fold marks. The film was then transferred to the aluminum 
base plate, inserted, alined with the aid of markings, and pressurized. 


Figure 2 shews the gored 1/16-inch foam material ready to be 
bonded to the adhesive-coated reflective surface, by means of a lowering ring, 
equipped with e. pressurized plastic envelope for providing a wrinkle and 
fold-free surface. Figure 26 shows the position of the lowering fixture 
during cure of the adhesive. The pressure envelope, and the wires used to 
maintain intimate contact between the surfaces being bonded, can be seen in 
this photo. The structural material was also bended to the foam layer by 
means of the lowering ring. '•:> 


Gelatin impregnation of the structural material is shown in 
Figure 27. Two gelatin inlet valves were provided for this structure and 
the results pointed to a nsed for larger inlets. The gelatin concentration 
of the impregnating solution was 12.5'per cent. The viscosity of the heated 
solution <120 F) seemed amenable for good fabric saturation and fairly rapid 
flow-out. 

The rigidized concentrator, Figure 2h, had a very good reflective 
surface. Hugh >*luaMe information, learned during the fabrication of this 
unit, was used curing the construction of the next 10-foot structure. Improve¬ 
ments were made in the gelatin impregnation and straaa level during rigidiza- 
tion. 

During the fabrication of the next two 10-foot diameter concentra¬ 
tors, It was found that the Series 90S foam took up excessive amount of adhesive, 
and during fabric impregnation, gelatin solution was absorbed. An attempt 
was made to overcome this problem by coating the gores with a thin layer of 
dried DuPont 46971. Although some improvement was noted, it was deemed not 
adequate because nam% gelatin absorption continued to occur. The problem was 
overcome, however, by selecting another foam with equal flexibility but which 
had not been reticulated; i-e., the cell membranes were intact. The imperm¬ 
eability of this material to gelatin solution was demonstrate/ experimentally. 

The foam, Scott Felt Grade 600-10, was used to coftrtruct the rest of the 10-foot 

structures* 



When bonding the gored foam to the adhesive coated reflective 
surface material by means of the lowering fixture, a poor fit would often 
r&Mlit which caused some unbonded area*« To avoid this the gorer were applied 
to the tacky adhesive one at a time. One of the 10-foot structv.es was fab¬ 
ricated by this method with good results. The significance of chic approach 
lias In ita applicability to the larges structural with 20 - 50 foot diameters 




The 100 par cent res.ctive epoxy, used for bonding the foam to 
the aluminum and to the Dacron Jtructur&l maw?rial, was found to degrade upon 
contact with the gelafcir solution. The raaaon for this is not known, but 
other material* ware used for this application in later experiments. 

The fabrication techniques of construction of 10-foot concentrators 
wae again modified and refined. This seemed to result in satisfactory pro¬ 
cedures. The second of these two structures was fabricated by laying up the 
foam gores one at a time on the pressurised, adhesive-coated, reflective 
surface material. This procedure sometimes resulted in inaccuracies along the 
gore lines,. A the last gore usual'y had to be specially tailored for a good fit 
This particular concentrator was impregnated, and B-staging was successful. 

The overall reflective surface was good, but had some areas with shew-through 
from wrinkles in the Dacron structural material, and the tailored gore lines 
were evident on the reflective surface. 

The next two 10-foot structures were made with a modification in. 
the gore assembly procedure. The reflective surface material and the. flexible 
foam were first bonded together with fcpon 872-X-75, and the gores were cut 
from, the composite and sealed together with Mylar tape. After insertion and 
pressurizing on the 14-foot diameter base plate, a coat of Fpon 875-X-75 
was applied to the foam and allowed to cure. A second coat of the epoxy was 
used to bond the structural material, which was lowered and accurately centered 
by means of several weighted guide wires placed at the periphery of the lower¬ 
ing ring. Impregnation of the two concentrators proceeded smoothly, as did 
B-staging and rigidization. 

Another structure was fabricated and placed on the accuracy 
measuring fixture as shown In Figure 29 and surface checks were made. Two 
close-ups (Figure 30) illustrate the smoothness and reflectivity of the 
structures surface. 

On the basis of the favorable results obtained with the last 
three concentrators, it is felt that the materia la and the fabrication tech¬ 
niques currently employed satisfy the requirements of this concept. 

Figures 31 and 32 show sows of 10-foot concentrators in various 
phases of completion, and E-staging. 


6.3 ACCURACY MMSURIWS 

Figure 33 is a schematic of a surface accuracy measuring fixture. The 
12-inch diameter retajry table supports a working bench upon which is mounted 
an accurate optical table for positioning the collimated light source and 
pentaprism. The pentaprism can be positioned at any point along the optical 
bench, from the canter of the solar collector to the outside disaster. The 
collimated light can, therefore, fee focused on any point of the soiar collector 
surface, and the reflected position can ba ’wad out on the central plcti which 
contains concentricringsand angles. The solar collector is supported by 
three adjustable stands above the rotary table and 'oIlia*ted light source. 

The angular distortion of any point on the tolar collector surface can be 
obtained by reading the angular and distance displacement of the telfacted 
light end using tb* geometry associated with the teat steep. 






two ty$Ss of optical mea«rur*8teats were made the collectors using 
the 'optical accuracychecker,. all® purport of the first measurement was to 
determine the angul*- variatieu freritfee true parabola o' that refiet'.tive 
surface after rigislisafion. The purposs of ths eecond ceasuraaent was to 
determine the reflectivity of the surface and the degree of diffusion of the 
. refleeted light. : - ' • •>' ; . 

B» angular accuracy, which wis of the aost concern xn these assays eoe.r.ts 
was in the plane of the parabolic curvature of.the collector. A standard 
polar graph was set at the focal point, and aeesureiaenta were made at the 
two, three, and four foot radii of the collector at eight positions around 
the circumference. The measured point was the center of the spot of light 
returned frost the collector. Using these points, the slope angle of the 
paranoia was determined using the following formula. 


tp » 1/2 tan" 1 4f 



where, o * the measured slope angle. 


f =* the focal length of the parabola, 

r .» the radius at which the measurement was made, and 

p “ the distance between the focal point and center of 
the reflected image. 


The mean test values at the two, three, and four foot radii respectively 
were -2 deg 17 min, -1 deg 1 min, and +0 deg 35 min. To determine an approxi¬ 
mation of the average error, e, the following formula was used. 

Z Ae 


where, e = error at a specified radius 


A * are* of the concentric paraboloids at the two, three, 
and four foot radii 

A t * total meusurid r.res of the paraboloid 
This formula resulted in an e of 1 deg 05 miu. 

The resultant average error is significantly less then the measured 
errors at the two-foot radius, because of the very large surface are* at the 
four-foot radius »?her* the measured error was very nearly within the specified 

goal of ± 1/2 degree* 

To determine the extent to which light is diffused by reflection from 
the collector, a silicons ssler cell, in conjunction with an electronic volt¬ 
meter, was ueen to measure the relative intensities oK the light after It was 
reflected from the surface, and rfhen It reeled the focal point* Since the 
tight spot at the focal point was relatively largo, a sapping was mode of th? 
reflected images. The mapped erne wee constructed of three concentric rings, 





l-inch diaaeter, 2,5-ln.tk diameter. and 5-inch diameter. Sinew the 
5-inch circle iatae krsei'c allowafcls area, any light felling outsi'e 
this limit was considered lost* 

The intensity ot light Sse^distoty after reflection frv« the surface 
of the*paraboloid ’ypj« ~ ^ f« c*ar*srisen f e»« 

■was specified at lflOfper east* ■ 'TN», Widest, light oe the collector warn 
measured and read out at 130 »sr cent; by co$ji&r£scn. At‘the focal point, 
three types of reflected spots were measured, They were specified ae goad., 
poor, and seas reflection. This judgement '**.3 made by s visual comparison 
of the reflection. 

Concentric circles of 1™, 2.5-, and 5-inch diameter were drawn about 
the focal point. In a gwd spot 2 per cent of the light «aa received in the 
1-inch circle, 9 per cent between 1 and 2.5 inches and 17 per cent between 
2.5 and 5 inches* In a poor spot the percentages were 1, 4 and 9$ while in 
a seam spot, they were 1, 6 and 9 respectively* 


6.4 10-f % ot Diameter Solar Concentrator Demonstrations 
* Wright-Patterson air Force Base 

6.4.1 Damon straitens Without had Caps 

The first, (in what was to have been a series of five), 10-foot 
diameter solar concentrator was inflated and cured in a vacuum environment 
at Wright-Patterson Air Force Base on April 28, 1966. 

The solar concentrator was impregnated with gelatin, B-staged, 
packaged, and shipped to Wrlght-Patteruon Air Force Base in a packaged eon- 
f•'duration. Figure 34 shows the packaged solar concentrator being carried 
into the vacuum chamber. Figure 35 shows the solar concentrator still in a 
B-staged flexible condition secured to a base plate. Figure 36 shows the 
solar concentrator in the inflated position prior to rigldisation. Figure 
37 shows the solar concentrator after rigidisation* 

A condensed version of tae test record, Table 32, is included 
in this report. The particular interest of this record is the temperature 
which clearly shows the points of maximum solvent loss and ultimate point 
of cure, 

I,mediately after the chamber wts entered, examination of the 
solar concentrator revealed that the backing was completely dr/ and appeared 
to have good inflation and cure. The reflective surface was ^ery smooth, 
had little show through, but did have aoitw. wrinkling caused from packaging. 

In summary, it was felt that .'ho fabrication procedure®, im¬ 
pregnation, aswi B-staging (which ware the same as for the last three* experi¬ 
mental 10-foot concentrator*), v*?e quit* satisfactory, but that »oro time 
should bo devoted to packaging. Tn* te«t procedures and equipment worked 
very smoothly. 
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The second 10-fot diameter solar concentrator was inflated end 
cored in the mew Air Force Aero Propulsion Laboratory Vacuum Facilities at 
Wright-Pattersen Air Force Esse on May 11 f 1966. This was the first opera¬ 
tional demonstration in the new facilities. 

TSs solar concentrator was Inpregnafced with gelatin, B-ataged, 
t II-packaged, shipped to Wright-Patterson Air Force Base. There it 
was unpacked aa,; secured to the lag® plate still in the flexible, B-staged 
condition. 

A mirror was located under tie base plate and adjusted so that 
the surface of the collector could be observed from a point near the instru¬ 
mentation and control systems. 

Included in this report is a condensed version of the test re¬ 
cord, Table 33, and & graph. Figure 38, showing the pressure versus time in 
the tc_st chamber. There are several items of interest recorded on these 
charts. Table 33 «hcws a very insignificant drop in temperature on the back¬ 
ing material. This would indicate a "dry box" cure instead of a vacuum cure. 
To verify this. Figure 38 shows the slow pump-down time (approximately 3 
hours 23 minutes) from atmospheric pressure to the vapor pressure of water. 
This slow pump-down at the beginning of the demonstration contributed to a 
poor inflation of the structural backing material. The reason for the slow 
pump down was a small, 1/2-inch diameter, equalisation system to the inter¬ 
nal pressure area of the solar collector. Enlarging this system for any 
future demonstrations would eliminate this problem. Table 31 also indi¬ 
cates that the internal pressure of the collector was* equalised to the 
chamber for a period v£ approximately 10 hours, and then increased to 3 
inches of H^O before and during the time the chamber was returning to 
atmospheric pressure. During this period the collector was observed to be 
slowly moving out of the holding fixture. To stop this, the internal pres¬ 
sure was opened to the chamberj however, before the pressure could equalise, 
the collector lifted completely off the base plate And cama „o rest on the 
on the chamber floor and wall. This action did not seriously affect the sur¬ 
face, or damage the solar collector. It did tear the skirt, outside the 
surface area, used to hold the collector to the base plate. The fixture used 
to hold the collector to the base plate i» a rubber inner tube in a metal 
tube. This was the first time it had been subjected to a high vacuum or to 
a vacuum for such a long period of time. Obviously, the tube leaked, and 
when the pressure in the chamber equalled the pressure in the tube there 
vao no longer any force holding the collector to the bs*a plate. This should 
This should be corrected in future tests by connecting the inner tube to a 
pressure line and gage outside tbt chamber. 

Examination of the solar concentrator, immediately after the 
chamber was entered, revealed that the backing was not completely inflated 
but that it was completely dry and cured. The reflective surface wee 
wrinkled and had several smell bubble-tyva delaminetions, the largest 
about 4 to 6 inches in diameter. (See Figure 39) The concentrator was cut 
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into segments And shipped tc 3chjeldahl for an analysis of the surface. 

This aa&Iyais revealed that the foaa hacking on the reflective surface had 
absorbed so&e of the water-gelatin solution, the larger amounts being In the 
areas of delamiriation. It was also discovered that the fabrication tech¬ 
nique for this concentrator was different than previous oneu. The main 
difference was failure to seal the foam seams, thus allowing the gelatin so¬ 
lution to flow info the seams and be absorbed by the foam. This fabrica¬ 
tion technique would not have been used for future solar concentrators. 


5 ' 5 !*£**!*££ 

The firat foldirg and packaging studies ware conducted using a 1-mil, 
10-foot diameter Mylar sphere with a 5-foot diameter concentrator, con¬ 
sisting of a gored 1/4-inch thick flexible fosra, and a g red Dacron sand¬ 
wich material, bonded to the sphere. This model was purposely made from 
thicker materials. See Figure 40. 

A pleat and accordion folding method appeared to give the best re¬ 
sults. See Figure 41. Two variations of this method were evaluated experi¬ 
mentally and are summarised in Table 30. 

1310 first method pleat-folded the entire structure from pole to pole 
into a long narrow package, one-half the basic gore width. This configur¬ 
ation was in turn accordion folded into a small rectangular cube. The second 
method only pleat-folded the balloon end cap while the concentrator portion 
was folded in 1/2, 1/4, 1/8, etc. This configuration was again accordion 
folded (starting with the end cap) to efficient packaging proportions. 

The volume was then further reduced by a factor of two by removing air 
from the folded package. The data in Table 30 show that the second method 
is more efficient. It is also attractive because it results in tnc least 
length at the folds in the reflective surface material. 

TABL^ 30 

PACKAGING COMPARISON 

Method Folded Dimensions 

(Inches) (ft") 

1. All pleat folded. 17 x 14 x 6 ■ 0.82 

2, End cap only, pleat 

folded. 19 x 11 x 6 ■ 0.72 


Next a 10-foot concentrator was rlgidised after firat having been 
impregnated, B-ataged, mi folded. The purpose of this experiment was 
to learn the affects of packaging on the reflective surface material after 
deployment. Figure 42 showst (a) the depressurised, impregnated structure, 
(b) initial folding, and (c) tb« final foldad configuration, 10-inchas 
high by 23-inches by 28-lnches* After unfolding the concentrator nd rtgid- 


Dimensions Af 4 r Air Rem oval 
TTnchesT" ?!Ft 5 T~ 

17 x 14 x 3 * 0.41 


19 x 11 x 3 * 0.36 
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is lag it, it was apparent that no <5el«6.in*fcions had occurred, and although 
seme fold It*** were visible, the overall reflective surface was not adversely 
affected. 


3 * 5 JL Definition nf Contents 

The critical concentrator components ir. the canister conelet of 
the following materials in the given ratios* 


Parts by Weight 

Fabric 3 

Gelatin 2 

Water 1 

The gelatin-water solution ia uniformly distributed throughout 
the entire fabric which is adhered to the ravers** side of a reflective film. 
At 75 F, the solution la nonflowing and the combination of material., not 
tacky. 

At 100 F, the gelatin-water solution becomes less viscous and 
might tend to shift. Under prolonged storage, some seepage might occur 
resulting in a nonhomogeneous distribution of materials. 

Temperature increases will eignificatnly affec - the vapor 
pressure of the water. Migration of water vapor may occu- if the tanister 
is not sufficiently tight. 

If the contents reach 32 F, the water may freest, and the 
solute and solvent might separate. In addition, puncture or penetration 
of the reflective surface and spherical end cap may result from the expan¬ 
sion of the water. 


6,5.2 Temperature Range o f Package 

For the reasons stated in paragraph 3.4.5.1, recommended storage 
temperature limits lie between 50 F and 85 F. The optimum storage temper¬ 
ature la 75 F plus or sinus 10 F. It ia recommended that the temperature 
b® adjusted to 75 F at the tin* of launch. (The resin consistency could be 
changed if the temperature could be anticipated.) 


6.5.3 Pressure tsiyfc* of P ackage 

aWWWWWWMWWmsW**- M «w m.e B T>s MW «MMWMW(lwri 


The ratio of water present in the canister to the canister 
volume (nag1eating fabric sad plastic films) is such that the pressure 
incite the evacuated canister will be determined by the vapor pressure of 
the water, at a given temperature. 


The internal pressure of the canister suet be maintained 
according to Table 33. 
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TABIS 3 V 

PRESS'^ RAJSGE OF CANISTER PACKAGE 


Temperature F 

Vapor* 

Pressure 
of Water !®Hg 

Required 

Canister 

Pressure MMEg 

50 

9.209 

11.0 

55 

11.5 

13.8 

60 

13.2 

15.8 

65 

15.9 

19.0 

?0 

19.2 

23.0 

75 

22.3 

26.7 

80 

24.5 

29.4 

85 

31.0 

37.2 

100 

49.1 

59.9 

120 

38.2 

106.0 


The excess pressure in column three is necessary to prevent 
migration within or loss of water from the composite. 


6.5.4 Canister I nstrumentation 

In order to monitor the internal pressure and temperature of 
the canister, both in its packaged or crated and unpackaged or uncrated 
state, the necessary instrumentation nust be Implemented into the can¬ 
ister design. 

Provision must be made to detach the instrumentation from the 
canister, prior to rocket installation. 


6.5.5 C anist er Xntarnal Pressure Control 

sewMHSMMMi MMMMHHM mmmemmMimmmmm 

The excess canister pressure might result in sn explosive open¬ 
ing and solar concentrator deployment, causing material damage. To mini¬ 
mise or limit this possibility, the canister should he instrumented to en¬ 
able the astronaut, within the capsule, to adjust the pressure to « prede¬ 
termined level just prior to the actual canister opening. 


6.5.6 Canister Packaging or C rating 

— if e— —uni w— mmh— ■ 

For the purpose of transferring the impregnated and folded solar 
concentrator composite within the eaniater, from Viron to the demonstration 
site by common carrier, It is recommended that the canister he separated 
from the enclosing crate with 2-inehes of resilent polyurethane foam with a 
I factor of about 0.11. This will provide protection from shock, vibra¬ 
tion and temperature extremes for a a&rimua Isngth of tied. (The fnam 
mentioned Is commonly available and provides the lowest heat transfer of 
any eowmarcial shock-proofing material available.) 


^Approximate 
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FIGURE 22 - SURFACE OF FIRST FXPERI l ENT/vL CONCENTRATOR 






FIGURE 23 - EXPERIMENTAL CONCENTRATORS IN VARIOUS PHASES OF COMPLETION 
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FIGURE 26 - BONDING FOAM LAYER TO REFLECTIVE SURFACE FILM 





[N impregnation of structural backing 












FIGURE 23 - RIGIDIZED 10-F00T DIAMETER CONCENTRATOR 



















FIGURE 31 - lO-FOOT DXAMiTER CONCENTRATORS IN VARIOUS PHASES OF COKPLETI ON 












IGUS-E 32 - FI HAL B-STAGING M2TKGD 10-FOOT DIMAETER SOLAR CONCENTRATORS 
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FIGURE 35 - B-STAGED FLEXIBLE SOLAR CONCENTRATOR SECURED TO BASE PLATE 







FIGURE 36 - INFLATED 
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FIGURE 39 - SURFACE EFFECT OF GELATIN ABSORBED EiT FOAM FOR 
SECOND lO-FOOT DIAMETER DEMONSTRATION 
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FIGURE ^0 . PACKAGING KODEL INFLATED 




FIGURE 41 _ PAG .'CAGING MODEL PACKAGED 





FIGURE U2 - 10-FOOT GELATIN IMPREGNATED CONCENTRATOR FOLDED FOR DEPLOYMENT AND RIGIDIZATION 








TABLE 32 


SAMPLE TEST RECORD 

First 10-foot Diameter Solar Concentrator Demonstration 

5/28/66 


TIME 

CHAMBER 

PRESSURE 

INTERNAL 

PRESSURE 

MATERIAL 

BACKING 

PRESSURE 

TEMPERATURE 

n n 

CENTER EDGE 

REMARKS 







chamber temp. 72 

1438 






Start pumpdown - room temp. 76 

1441 

575 Torr 

3"H 2 0 

Zero 

- 



1444 

290 Torr 

3 ,1 F.«j0 

Zero 

63 

61 


1447 

150 Torr 

3"H 2 0 

Zero 

58 

55 


1451 

13 

3"H 2 0 

- 



Start to inflate backing. 

1455 

6 

3"H 2 0 

4”H 2 0 

28 

27 


1456 4.75 

3-3| 

4 

18 

25 

Maximum solvent loss, 

1456 




15 

20 

low point of temperature, 

1510 

3.1 

3.4 

3.7 

13 

20 

occurred between 1456-1510. 

1514 

3.1 

3.4 

3.7 

21 

20 


1518 

3.0 

3.4 

3.7 

25 

20 


1523 

3.0 

3.4 

3.7 

33 

21 


1527 

3.2 

3.5 

5 

41 

22 


1600 

3.15 

3.7 

4.5 

59 

31 


1700 

3.1 

3.7 

4.0 

69 

50 


1730 

3.0 

3.7 

4.0 

70 

57 

#1 temp, equal to chamber temp 

1731 

* 


Zero 



Shut off inflative pressure to 







backing. 

1800 

1.4 

3.6 

- 

70 

03 


1830 

1.25 

3.6 

- 

70 

69 

Low point in vacuum chamber. 

1900 

- 

Zero 

- 

70 

70 

Equalized internal pressure to 







chamber pressure. 

1918 


Zero 

- 

70 

70 

Shut down pumps. 

2000 






Entered chamber. 






TABLE 33 


SAMPLE TEST RECORD 

Second 10-foot Diameter Solar Concentrator Demonstration 

May 11, 1466 


DATE-TIME 

CHAMBER 

PRESSURE 

INTERNAL 

COLLECTOR 

PRESSURE 

FABRIC 

BACKING 

PRESSURE 

TEMPERATURE 
NO. 1 NO. 2 

REMARKS 

COMMENTS 

5/11 1030 

ATK 



5? 

57 

No. 1 center 

No. 2 edge 

Start pump down 

1035 

700 ran 



57.5 

57 


1047 

600 ran 

3.25 


57 

53 


1053 

580 

3 

2" 

54 

50 

inflate flutes 
to 2 " H 2 0 

1057 

540 

3 

2 

57., 5 

58.5 


1200 

280 

3.8 

2.0 

53 

48 

Wrinkling appearing 
in reflective surface 

1305 

200 

4.6 

2.5 

54 

56 

KD850 pump turned on 
intermittently 

1335 

37 

3.8 

2.5 

57 

52 

Bubble appeared near 
edge of polar cap 
approx, 4" die. 

1353 

15 

3.7 

2.3 

60 

53 


1410 

5 

3.2 

and 

3.6 

4.5 

61 

51,5 


1500 

21 

3,6 

4.1 

67 

57 


1530 

4 % 10* 1 

3.7 

.5 

71 

59 

Inflation pressure -jf; 

1700 

lO0u 

3.3 

.2 

75 

n 

Larger bubble has 


receded 




TAME 33 (cont.) 


DATE-TIM 

CHAMBER 

PRESSURE 

INTERNAL 

COLLECTOR 

PRESSURE 

FABRIC 

BACKING 

PRESSURE 

TEMPERATURE REMARKS 

NO. 1 NO. 2 COMMENTS 

1800 

100a 

3.6 

0 

77 

74 2 small bubbles 


approx. J, 1 ' dla. 
One small bubble 
Increased 1" x 2" 


1900 

95u 

3.8 

78 

76 

Liquid Nit. induced 
into chamber 

2000 

82u 

3.5 

54 

52 


2100 

11 

3.5 

Off seal's 


2130 

9 x 10' 5 

3 

If 

If 

Internal pressure 


brought down to 3" 

HjO because of leakage 

into chamber. 2 
small bubbles have 
receded 

Temperature probably 

below -100 F 

Cold walls -250-300 F 

2345 1 x 10’ 4 3.0 


0200 3.8 x 10* J 4 Holding .2" with 

equalizer valvo Open. 


Openeu equalizer valve- 
will equalize pressure 
inside collector to 
chamber pressure. 
Thermocouples connected 
to readout calibrated 
to 75° - off seaH. 
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TABLE 33 (cont.) 


INTERNAL FABRIC 

CHAMBER COLLECTOR BACKING TEMPERATURE REMARKS 

DATE-TIME PRESSURE PRESSURE PRESSURE NO. 1 NO. 2 COMMENTS 


0600 1.6 x 10”^ No apparent change 

in surface since 1900. 
Collector resting on 
base plate. Temperature 
check on solar collector 
fabric backing -212° 

1000 l.J * 10 ■ ** Pressure in collector 

returned to 3“ HjO. 

Venting chamber to iTM. 
Reducing pressure in 
collector due to 
apparent movement of 
collector out of nolding 
fixture on base plate. 

1205 lOOu 2" 15 Collector lifted of*. 

base plate, out of 
holding fixture. 




7.0 3PACE SHELTERS 


7.1 PRELIMINARY PE3IGB 

Use preliminary design of the cylinder strictures for this contract 
can*i'is of two basic elements - rigid ? khtads at the er.ds and a flexible, 
cylindrical body, the rigid bulkheads were to be thin cheli aluminum spin¬ 
nings with all the appropriate fittings and £ tails to package, deploy, 
and rigidis* the gelatin structure. 

The cylindrical body of the structure was to consist of a truss core 
fiberglass fabric which was to be impregnated with ge.atin resin, an imper¬ 
meable inner layer for internal pressure retention, and an impermeable outer 
layer which would isave facilitated packaging, provided an on-command cure- 
system, minimised the total weight of the system, and improved the total 
appearance of the st/ucture. 

By incorporating the gelacin-impregnated fiberglass fabric between two 
impermeable layers, r controlled system is obtained which minimiit.es premature 
drying or rigidixation of the resin system in the packaged condition and 
facilitates the on-cocmmnd cure of the system. The cure time studies that 
Were conducted indicate that during the latter stages of the gelatin curt 
cycle, the rate, of solvent evaporation is very low; therefore, by sealing the 
gelatin-Impregnated fabric between two impermeable layers the initial rate 
of rigidifct.tion is somewhat inhibited.- However, the total time that is re¬ 
quired to completely rigidire the structure is not increased, and -nay even be 
shoxverM, because the con rolled rate of rigfdlUation does not result in a 
sharp drop ir. temperature in the resin-impregnated fabric. 

Further cure time studies should be conducted to confirm this design 
feature which xuld be modified should it be discovered that t*.s outer layer 
seriously impedes the rate of rigidixation of th * struct-re. The. system is 
cured oo command by venting the gelatin-Impregnated fabric by soienoiu valves 
whenever it is desirable to initiate rigidiiation. It has been found in 
previous studies that it is necessary to provide a substantial prsssur* 
within the flutes of .he gelatin-impregnated sandwich material to insure that 
the flute; remain f illy deployed throughout: the rigidiaatlon cycle. Initially, 
It was felt that the vapor pressure of the solvent la the gelatin system 
would provide this r.*c«a#ary pressure; however, for the small-sise structures 
that have been investigated, the solvent pressure is not sufficient, especially 
as the structure cools due to removing heat for vaporisation. Therefore,• on 
the clstIn cylinders that were studied, It Has been necessary to artificially 
prei.usriae the flutes of the fabric sandwich materiel with «isr, or a bottled 
ga« such *» nitrogen. Without an impermeable outer layer on th* fabric 
ardoich material, a lerge volume of air is required to pressurlre the flute* 
of the sandwich material throughout the cure cycle because of the High per¬ 
meability of the teein-impregnated fabric. With an impermeable outei layer 
oufcelde of the gelatin-impregnated fabric, the auxiliary supply of pressuris¬ 
ing gas can be drastically reduced, since its verting will be controlled with 
the solenoid valve along with the venting of the water vapor from the &elatfn 
re*In. 
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7,2 1/2 SIZE CYLINDER 


A 1/2 scale cylinder was completed for tasting and to determine fabri¬ 
cation techniques and procedures. The <*all composite was attached to the 
bulkhead by first epQxying the fiberglass wail and bladder to a metal ring. 
This ring was the same diameter and depth as the flute area of the wall 
composite. Part of the bulkhead was a metal retainer forming a trough around 
the inside of the bulkhead. This trough was filled with epoxy, and the wall 
composite attached to the ring lowered into the epoxy. k After the epoxy 
cured, the cylinder was rotated and the process repeated for the other end. 

This model was leak-checked by the ammonia-phenol method. No leaks 
were found either in the bladder or the outer facing. This indicates an 
improvement in fabrication procedures over cylinders completed under past 
contracts. The model was prepared for impregnation and cured in a 5->foot 
vacuum chamber. However, before the actual test could be started, it was 
necessary to start dismantling the chamber for shipment to its new location 
at G. T. Schjeldahl, Northfield, Minnesota. 

Figure 42 shows the package cylinder in the vacuum chamber. 

Figure 44 shows the cylinder in a deployed, inflated configuration. 

In general the overall appearance of the model is very pleasing, the 
packagability is quite satisfactory, and no delamination of the outer facing 
has occurred from repeated packaging and inflating. 

The cylinder has not been impregnated or cured. 


















3,0 MMS :FOSt : OF FINAL 0SKQNSTEATION ITEMS 


The o-:ig|naI$»Tsns uaVled for both the cylinder and the solar eCRcen- 
trat.sr to fca demonstrated lata 14 August or early September, Both derson- 
itrsti-OQ* iHtm to J^sfcep|s;ce during tfee saos trip, Therefore, the vacuum 
ch&aJ*jr vc<j desijfnssd to be aseS fcr both test articles with a minimum of 


revi*io«6- 


5fl*e support, electrici!, instrtnSentatioJi, and control systesas requirements 
for the two de&^stratiocs ^re-e«^sl , -i«ll^Vthe a^Ks. The taxjor differences 
Setef (1> .the heat stmria arrangement jsnd (2) the support harsosa. Tharfc 
ere only slight differences in. the use i&f electrical circuits which would have 
esquired no change involving the vas^’® cheater. 

sa giRfex , sclae {a aczmmw z muvmri 

An ellipsoid instead of a sphere was considered to craet the 10-ioot 
diameter- solar doXthctorsv bee&nse the smaller volume and surface area of 
tae ellipsoid'would result in c lower Weight, smaller packaging volume, and 
a emallsf erection system. 


For the analytical study the limitations placed on the ellipsoid were: 
the 10-£oot collect w: would Batch the-ellipsoid tangentially, and (2) 
these would be no. points *»£ negative stress on the ellipsoid. 


The following formulas were used: 


For the ellipse 
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where, a * major aemisxis 


b « tainor semiaxis 


For the stress 
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where," 8j * Meridional aembrane stress 
3 n ..» hoop aeBbrsna etrea& 

as v. -' - . • 

p * Internal pressure 


' .-Cltr x l M ' 

£v-A.cr* 


t - material ttfcioteiaas .■_>. 

••> >■*' -' yi i <Sn J.: -=iki'iQ": 

msridiSR • ** 

*• ■ ■' •.*<'&■' <y *‘r• -V" I s* ; :y.;- '.it/** >■ 

tj * radius of curvature normal to meridian 




To have no negative stress a/b oust be < \J2. The smallest volume 
ellipsoid occurred when a/b “ y'i. To determine the matching tangent circle, 
the slope of the ellipse, is set equal to the slope of the parabola at the 
ten fvot diameter. 


Jl * 

dx 


2 1 - 


2 1/2 


for the particular paraboloid 


2 J 


therefore, 


This determines the ellipse to be rotated cts 
2x 2 ♦ 4y 2 -US 

Stress in the ellipsoid varies from 0 to $0 pounds per inch. The stress 
at the joint between the ellipsoid and the paraboloid is 45p. A 1/10 size 
model of this ellipsoid was constructed to test for edge wrinkling and dis¬ 
tortions. The results demonstrated that a full size ellipsoid could be used 
with the 10-foot solar collector. 

8.1.1 Canister and Spreader Plate for Use With Final 

Demonstration 10-Foot Diameter Solar Concentrator 


The drawings for the canister, top and bottom, were completed 
and sent out for bids early in June. When the bids were returned it was 
determined that the best delivery date would be six wueks from the date of 
arrival of material at the fabricators. The bid was let during the last 
week of June. This projected the demonstration date to late August or early 
September. 

The canister consists of two sections, a top (Drawing SD-628), and 
a bottom (Drawing SD-629). Both sections are fabricated of 5/16-inch aluminum 
alloy. The top is slightly conical in shape, measuring 35-3/4 inches in 
diameter at the base, 14 inches high and 30-3/4 inches in diameter at the top. 
The top half drops away during deployment. The bottom is a flat disk 36-1/4 
inches in diameter with a 3/4-inch lip around the edge. The bottom half of 
the canister remains attached to the support frame during the demonstration. 
The instrumentation, pressurization and controls are attached to, or extend 
through, the bottom half of the canister. The drawings are located in 
Appendix D. 

The bottom h&it c2 the canister is attached to the. solar concen¬ 
trator by bolting to a spreader plate, (Drawing SD-630). The spreader plate 
is an integral part of tbe solar concentrator, and performs sever! functions. 
During impregnation the spreader plate acts as a manifold to distribute the 





gelatin. During punpdovn and cure, an attachment is secured to the spreader 
plate, and a temperature readout, a pressure readout, and pressure control in 
the structural backing material, is obtained through the spreader plate and 
its attachment. A pressure readout and pressure control of the inflation 
balloon is also obtained through the spreader plate. 

The spreader plate and its attachments were fabricated by G. T. 

Schjeldahl. 


8.1.2 Solar Concentrator Demonstration and Type of Deployment 

Ihe demonstrations were to he conducted in the Air Force Aero 
Propulsion Laboratory vacuum facility at Wright-Patterson Air Force Base, 
Dayton, Ohio. 

The solar concentrator was to have been deployed on command from 
a packaged configuration inside a canister. Inflation of an ellipsoid 
balloon would have commenced as soon as the canister separated. The balloon 
would have shaped and held the solar concentrator in the designed configura¬ 
tion during the curing cycle. An external pressure source would have in¬ 
flated the balloon and the structural backing material. The type of curing 
system intended for this structure was a plasticizer-boil-off; no additional 
catalyst is required. 

During pump down three pressure zones, two temperature zones, and 
the weight loss of the test article are of interest. The pressure zones aret 
(1) internal pressure of the balloon, (2) pressure in the structural backing 
material, and pressure in the canister. The temperature zones aret (1) temp¬ 
erature of the structural backing material inside the canister, and (2) temp¬ 
erature outside the canister. After deployment, the same information is of 
interest except that there is obviously no pressure inside the canister. 

The canister would have been supported from a load cell attached 
to a framework 25-feet above the chamber floor. This would allow adequate 
clearance for balloon inflation and for a net or other suitable device to 
catch half of the canister. 

The ellipsoid balloon would have been deployed in a downward 
direction (one half of the canister falling away) with the solar collector 
and the other half of the canister remaining on top, still attached to the 
load cell. See Figure 45. Stabilizing cables would have been used between 
the canister and the framework. All instrumentation and control systems would 
have been attached to, or penetrated the canister half and spreader plate 
which remain on top. 

Instrumentation, recorders, and system controls should be con¬ 
venient to. or located in, the view port nearest the main control and oper¬ 
ations room. 

High speed motion picture coverage should be located in one of the 
lower view ports end if possible, from one of the view porta located on top 
of the chamber. 
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8.? final space cylinder delivery 


8.2.1 Bulkhead-Canister for Use With Final Cylinder Demonstration 

The drawings for the cylinder bulkhead-canister, top (Drawing SD--648) 
and bottom (Drawing SD-639), were completed, set out, and bids received at 
the same time as the solar concentrator. The same delivery and demonstration 
dates were established for the cylinder as were set up for the solar concentra¬ 
tor. 


The cylinder bulkhead performs a double function, that is, during 
packaging the bulkheads serve as packaging canisters, and during and after 
deployment, the bulkheads remain attached to the cylinder wall and serve as 
end bulkheads. 

The bulkheads are fabricated of an aluminum alloy and measure 
approximately 48-1/2 inches in diameter by 7 inches deep at their maximum 
point. 


The instrumentation, pressurization,and controls are attached to, 
or through, the top bulkhead. The top bulkhead remains attached to the. support 
frame during and after deployment. 

Drawing SD-647 shows the metal ring used to assemble the fiberglass 
wall and bladder to the metal bulkhead. 

Drawing SD-646 shows the assembly of the 48-inch diameter cylinder. 

The cylinder drawings are in Appendix D. 

8.2.2 Cylinder Demonstration and Type of Deployment 

Tne demonstrations were to be conducted in the Air Force Aero 
Propulsion Laboratory vacuum facility at Wright-Patterson Air Force Base, 

Dryton, Ohuo. 

The cylinder was to have been deployed on command from a packaged 
configuration inside a canister. The canister halves remain attached to the 
cylinder after deployment and serve as end bulkheads. An external pressure 
source would have inflated and held the cylinder in the designed configuration 
during the curing cycle. The rternal pressure would also have inflated the 
flute area of the cylinder if necessary. The type of curing system intended 
for this structure was a plasticized-boil-off. No additional catalyst is 
required. 

During pump down three pressure stones, two temperature zones, and 
the weight loss of the test article are of interest. The preseure zones are* 

(1) internal pressure of the bladder, (2) pressure in the flute area of the 
structural wall material, and (3) pressure in the ring area of the canisters. 

The temperature tones ares (1) temperature in the flute area of the structural 
wall material, and (2) temperature outside the canister. After deployment 
we are interested in the same information, except there is no pressure in the ring 
area of the canisters. 
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r t&jf\eyil«der canister would Mwl btim supported Utm the sc&& 
lo*4 cell used £o> the solar concentrator de^ifc^trationii .Cafcles>,wouId iiv,spend 
fch« canister IS feet alkrnt the ehosb^r •flips’. •.'^’Bii'^aplojre^ cylinder siisfeis 
4 feet In-dimetfir- by 8 feet long. .have'. been use*, 

between the oshistar and the framework. AH>. ration : ^id control -4 

AysfeMaa - woulftB hata 'been -' ^ttach^ 'td^ penei^Ma* -the top hal&of the-. nanis tilt 


';:}-iic./-.~;.cx: inatciaaentfttioft, recorders;, and eys^iS^'doHtroik shouM Heon^ 
yehiaftt.-fco : or^SS^itad its 'ta^.viaw^lJorfc^tiearfSt the' aai.» control'and bpfpat 
room. Eigh speed motion pintisrif cfdver&ge should be located in bilk-of !*$>., 
lower view ports and if possible,'from one ot the viewports located;-on to; 
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8.3 TMlffKATlOS -OF PlABS 


The centrist vsa terminated .before the final itemc <?ould o& demon 
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9.0 CWClMTOte 


R*l ; v %oa tSst galatiu itudies conducted during, this prog* 
«£0 'COffiCittdsdV • 


the foi (.owing 


1. -i'itetopta .tt) chemically modify the: Efesic gelfitfe fcr*alati‘>n by msane 
of additiyeg to achieve incraised atrengthi faster cure. times, chemically 
cro&s* : ii*Mihg t and improved hSn.lliti^ eh*ractti.r,.*t£e* ~sftul«. iss. a decrease of 
ohytioel strength., 


2«. A gelatin '£6rs»i7&t?xai suitable for vacuum itnpre-patioc; at room teap 
aratnre (30 V to 9<1 F) Ttah developed and utilized to rigldize expandable, 
hpneycoab-tyjv sinteissNes by .means of plasticizei boil-off. 


3i"' To £0 y i&v%; signlKiisni;. i's^r us'^intrs-in s'dtikc s accuracy; study ot 
Ajayi t-i KiRiitxc gelrtin .shi-inkig®’ must be tndmt&k'in. 


9.2 B~8t«gir>g studies produced tbs following ^oncluaiopsi: 

1. &lati* lmp! 3 'gifflted atnic' : ^jtres can easily be B~itsged by circulating 
parafoimlckilivtie vapori through this, structure i»medittty!y after impregnation. 


2. A fc-stagedy rigldized structure ban be refJsxibilized by circulating 
mhn aroi&t air through the structure r and then rcrigidized without Any loss 
of 'sHape* gelatin, os strengths 


V.i from the various Analyt.es, material studies, design studies, and test 
programs it was concluded tbit: 

1. the structures of this program are feasible and capable of deploying 
and rigidUing ir. a space environment. 


2. Techniques and procedures of this program are applicable to larger 
rtroetsrea. >•;• ' 








, Ifc* of gelatin modification should be eoatafitsejL 

2i A method of alnlmJjeiuD^ gale tin shrinkage during cure should be 
investigated. 


ic.2 FLs^jp&i.g uys». - 

The flexible layer saould be investigated to eliminate its tendency 
to cause creases in the pjaterial Mheji packaged. However.: the/charoeteristi 
of e>imist#tiag 3lK>Wi-through should not be lost in this effort. 


10.3 mTSftl’Ata Va tmcaT IOK HROGBAM , . 

an m i w ma iSM i n a nw ... ' - 

Worjs. in this «m should be continued with, emphasis on component mater 
ial<t> toa^atlMlity and chelf~lifa improvement. 


10.4 GBNBfiAL 


larger structures, utilising gelatin as the rigidisiBg resin, should ba 
fabricated to gain experience in fabricating, deploying and rigging these 
structures. ■ 


* 
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APPENDIX I 

DETERMINATION OF OPTIMUM GELATIN 
FORMULATION FOR EXPANDABLE STRUCTURES 

H. K. Young 

Swift and Company 
Research and Development Center 
Chicago, Illinois 







)mOOtCTIO N 

The statement of work requested by Viron and the proposal submitted by 
-Swift cn May ?0 t 1965, were Bonified aa a result of a meeting, held with 
Viron s project manager; Mr. Ivan Russell. Reference to this .s made in 
Mr. Joseph Ralinski** letter to Mr. D. G. Sullivan dated June 28, 1965. 

The following individual tasks were to comprise our total effort £;. 
this research program: 

1. Deteraination of gelatin concentration and saturation techniques 
for producing a saturated glass fabric comprising 67 per cent 
glass and 33 per cent gelatin approximately. 

- 2 . Determination of the effect of gelatin pickup upon the tensile 
strength of saturated So. 181 glass fabric. 

3. Determination of the proper type and concentration of f*uidizer 
or liquifier to produce a saturating solution whose viscosity 
will not exceed 1,500 cps at 110 F. 

h. Deteraination of optimum techniques for crosslinking of gelatin 
with formaldehyde. 

5. Development of optimum remoistening or reflexibilizing techniques. 

6. Observations of torture and shrinkage effects after curing and 
drying of test specimens. 

7. Study of neutral organic co-solvents and their effect upon curing 
rates of the moist flexible test specimens in a hard vacuum 
environment. 

8. Study of aging characteristics of test specimens after folding 
and sealing in plastic envelopes. 

9. Preparation of test specimens for Viron to determine desired 
strength characteristics. 

10. Conclusions and Recommendations resulting from this experimental 
program and the consultation carried out in persons’ contacts 
with Messrs., Russell, Rochoh, and Bro* of Viron. 














n^rSWJM&TIGS OF OPTIWa* CO*?CBJT*ATIOSS op tsb GHATIH SATURATING 
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I rjfn I w — —— 1 »■—— I a n <——1—<W——I——IWW^i—WWW———— 

Throughout tha axperimantel wot* carried out in the overall study of 
jelatifi « the saturating rasib there hav* been numerous opinion? expressed 
*s to the optinsali gelatin pickup by the fabric in order to create the strong 
ett structure. For the aoat pert tensile strength has been used as the 
criterion although full cognisance has been given te the need for rigidity 
ns well. Preliminary cork has* teen completed in other studies vituout any 
specific study of the importance of preparing the glass fabric prior to 
saturation with gelatin. 

A 10 sq yd aempit^ of Pn. 131 gla&s fabric was received from 7iron 
August 5, 1965, and given preliminary treatment by cleaning with chromic 
acid, and acid cleaner (Swift's Hvstore) and an alkaline detergent based 
upon soap. Specmens of fabric 10 in wide and 36 in long yere wound on 
small francs made of thin glass rods so that cleaning and rinsing could be 
effected is 1 liter graduated cylinders. After cleaning end thorough 
rinsing the cleaned fabric wee air dried by hanging from clips and stored 
between kraft paper sheets until used. 

The eiiminstion of bubbles was the biggest problem. Experience showed 
that the best way to impregnate the gla^s fabric was to slowly lower one 
corner of the inclined wood frame into the gelatin, then gradually iamerse 
that edge, then slowly 2 tilt the assembly into the gelatin. This needs to 
be done Slowly so as to permit the air to escape from the fabric. This 
air expulsion takes place much more readily from a dry fabric than from 
one which is wet provided the fabric is thoroughly cleaned- Ey keeping 
the pans warm and covered, the concentration can be maintained without 
difficulty. After a few minutes, the gelatin is skismed, and the frame 
lifted slowly by one edge. If done slowly no bubble will form on the under¬ 
side. It "is then allowed to dr&ir. for a few seconds and then held hori¬ 
zontal to distribute the gelatin. The frame is turned over every few 
seconds to prevent drips until the natural cooling has gelled the gelatin. 
This: can be speeded up b 7 doing ail the turning over in a cooler. The 
sample is air dried, cut ©at with a knife and used for cutting dumbells. 

All the scrap is used for resin pickup determination by incinceration. 

The frames are cleaned, dried, and reused. 

Alkaline cleaners generally produced a glass surface that was wet 
with difficulty probably due to thin films of insoluble soaps resulting 
from water hardness. In the light of subsequent success with acid deter¬ 
gents no further effort was made to use distilled or deionized water as 
the gelatin solvent. 

Hyscore acid cleaner, a proprietary product of Swift & Company, was 
compared with a standard chromic acid cleaning solution prepared by satu¬ 
rating, concentrated sulfuric acid with chromium trioxide- 









TABLE 34 


SOLUTION 


LAB. 

^ y 

<xasm~ 

CB*T 


LOAD x 2 

sotsbok 

’ v 

TStTLQO 

Gfuns 

TH1SILE 

% GELATXH 

&QHB&L 

CLBAHSf 

OF^SLATIR 

PICKUP 

STRENGTH 

PICKUP 

4565-74A 

Chromic Acid 

20% ' 

39.8 

25903 

779 

4565-7*5 


H% ' . 

23.3 

26600 

879 

4565-74ft 

Uyscore Cleaner 

2«t ' 

33.* 

2.'500 

917 

4565-74D5F 

r* ti 

15% 

26.3 

36? : '0 

1160 

4565-74E 

!» #» 

15% 

(double dip) 

54.5 

32000 

553 


A* ; 

In Table 34 some explanations are in order. Tensile strength determi¬ 
nations are calculated using a cross sectional area in the denoainator. 
Hence f at lav levels of saturation or pickup, the thickness is that of the 
woven thread only and the gelatin film bridging the interstices is infi¬ 
nitely smaller. The average thickness is unknown but definitely less than 
measured. As the pickup increases these depressions fill with gelatin 
until the whole specimen haa a cross section which in fact can be measured 
as a rectangular area. From this it becomes apparent that the strength 
of the thick specimen is measured with reasonable accuracy, whereas the 
values for the low resin pickup specimens are invariably lower than the 
unknown true value. .. • 

..For this reason another value which offers a means of comparison i» 
used. Tfcie ia the breaking load doubled (because specimens are 1/2 in. 
wide) divided by the per cent gelatin picked up. Such a figure, while 
arbitrary, does show a definite relationship between strength of specimen 
and the degree of (saturation or gelatin pickup. 

Although differences are not greet it is obvious that the highly . 
concentrated and corrosive chromic acid produces no improved surface over 
the milder acid cleaner (pH 2.5-3.0). ^ 

Before rejecting chromic acid as a cleaner for the glass fabric, two 
samples were washed in sequence. One was washed in Hyscore acid cleaner, 
rinsed and cleaned again with chromic acid- The other was cleaned ip the 
reverse prder. 3esuits are in Table 35. , .• 
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TABLE 35 

gelatin pbr cstrr load x 2 

COBCHf- GELATIN T5KSXL3 % GCLATIF 


Acid 


TEATXQN 

•" PICKUP 

ST&KHGTH 

PICKS’ 

25V 

45.8 

17520 

745 

IS 

25 

21.7 

47.3 

19700 

22500 

1260 

8iC 

15 

24.8 

22000 

1045 



Hysccre cleaned is to be preferred over chromic acid as a pre¬ 
paratory cleaning step and has bean used throughout this study. Knowing 
that 15 per cent gelatin will diffuse through the fabric displacing the 
air and that 30 per cent gelatin is sufficiently fluid at 110-120 P to 
pern it these -concentrations were chosen. The fabric was 

washed in acid cleaner, rinaed, dried in air and tacked to the frame. 

The feed of the fabric was harsh as if it lacked lubricant ahich it, 
in fact, did. Care was taken not -to touch the fabric anywhere except 
at the tacked edges. Table 36 shows the results; 


TABLE 36 


GELATIN 
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% GSLATIK 
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2 
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PICKUP „ 

4632-1 J 

IS 

3G 


45.9 

1414C 
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4632-1 3 

15 

30 

30 

55.3 

114/0 
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It appears as if increase in resin pickup decreases the total 
strength and there ie a strong indication that the assumed increase in 
strength with increased" gelatin pickup ie fallacious. Note Figure *6 
which plots per cent gelatin pickup igainet twice the load divided by 
tote per cent gelatin pickup. Also, no.e Figure 47, which plots the- 
j:?icJmp against the tensile strength t-s measured. AU points are 
scattered bub the trend ia cleanly indicated* namely tha| Increased 

Of'course rigidity,. 

which Japruhabiy of sesuaV^wurtance, .does increase sharply with 
thickn*»v*xa benee* w^gputin .pickup. iv . : G; 

- '.Wi ■> .-Vj. .-• V >• ’ J-. • V 








Thareiore, a *one thickly woven glass fabric bonded by even lesser 
gelatin pickup may prove to be very desirable, although admittedly not a 
part of tfciiJ spat Ific assignment. 

Further, it ift not’ clear that considering both stiffness and tensile 
strength the arbicrary selection of 30-33 per cent -ralaiin pickup may well 
be the optioun for the No. 5«<1glass fabric only aftd after r.eid cleaning. 

Table 33 includes additional data at lower gelatin pickup levels. 


TABLE 37 

' . 
v „ _ . '. 

LAB. -re CQNGjESHTEATXOK i FEB C8KT TBNS1LE 

NOTEBOOK 0 £F G&A7IH GELATIN STRENGTH IN LBS. 

NO. . IN SOLUTION PICKUP PHI SQUJARfi INCH 

4632-5 A •''••• 5 - 6.3% 31,080 (stretched) 

4632-$ C 10 " 15.1 31,520 ( « ) 

4032-5 C • 12 T 19 21,292 ( ) 

4632-5 E "15 24.8 29,?20 ( « ) 

4632-5 P 20 11.9 23,615 ( " ) 


These remits further confirm that the tensile strength increases 
with an increase in glass content. However, all samples "stretched", 
meaning they did not break with a snap. This indicated that the glass- 
gelatin syatesi no longer acts as a unit and other properties such as 
stiffness ate sacrificed. 

It wa* at-this point that we were requested to prepare (Sept. 10, 
1965) i-ply saturated laminates at various levels of gelatin pickup. 
These vara prepared at. levels of 22.4, 26.6, 36.3, 35.7, 45.1, 47.6, 

51, end 59.7 per cent gelatin pickup, dried under tension at ambient 
conditions and sent to Viron for conditioning and testing. Results of 
?iron' s tests on these specimens are not available. 

SKLtemjR OF A SUITABLE LIQ0IFI1R <S FLtTCDIZ® TO 
XHStRE PHOm ftSCOSIT? K* SAmATTOR AT 
FiACTTGAL Tj^PijBATCltK J ' 

The following liquifying agents were investigated: urea, 
thiourea, anaoniu® thiocyanate, chloral hydrate^ a-sodium naphthalene 
sulfonate, and. p-*odium.naphthalene sulfonate. These materials were 
tried at the 5, 10, and 20 per cent le^el in 2S p*r cent gelatin solu¬ 
tions at 40 C <104 F). the results of these tests have been plotted 




in Figure 48. Beta sodium naphthalene eulfonate w*c oaitted, subse¬ 
quently because its lisited solubility produced heterogenisms mixtures 
t.ho*e riscoeihies- were without meaning. 

Figure 48 shows that increased amount* of liquifier do not produce 
increased fluidity or decreases in viscosity. Since materials ordinarily 
referred to es l:\quifiara iarer actually hydrogen bond destroyers causing 
a drop in strength , we should not expect great reductions in vis¬ 

cosities with these reagants. . In addition, since the gelatin level is 
constant, any increase in liquifier takes place at the expense of an 
equal weight of vstir and this would be expected to cause acme increase 
in viscosity. 

Figure 4B fusther indicates that ammonium thiocyanate is the moat 
effective liquifier but the positive slope of ;aest of these curves 
indicated that tine point oi .Inflection lies somewhere below the 5 per 
cent level. This would then represent the ainimua amount of liquifier 
yielding the maximum amount of nsduc.-ion in the viscosities. 

We studied the area below the 5 per cent liquifier level in 
greater detail and the results are shown in Figure 49. It is apparent 
that the minimum for most of tlv» curves lies between 2 and 4 per cent 
level. Ho unexpected results were found and ammonium thiocyanate appears 
to be the oast effective liquifier. Impregnating solutions of greater 
gelatin content than Z'S per cent may be prepared and a viscosity study 
at a 30 per cent gelatin level has been made. The results so obtained 
are plotted in Figure 50. It is apparent that all levels except the 
unliquified 30 per cent gelatin sample are below the 1500 centipoise 
target.. It would be to our advantage to use the Absolute minimum neces¬ 
sary to achieve our objective and ainse the greatest amoqnr of affect is 
obtained with the fitJt 1 per cent, additional quantities, while lower¬ 
ing the viscosity still further, do not do enough to justify their use. 

OSTHiMHlATIiMi OF OPTIMUM TECHNIQUES FCR CROSSLIKKiaG 
THE GELATIN WITH FCEMAUairiDK AND SBOISTENIHG TO 
DB3X2ID FLEXIBILITY 

Several procedures were evaluated including: 

a. The moist saturated fabric exposed to gaseous formaldehyde 
fit maximum humidity. 

b. Spraying the formalin solution directly upon the saturated 
fabric. 

c. Dipping. 

d. Various combinations of crosslinking and reaoiatening to 
promote flexibility. 






CRQSSLINKING WITH FORMALDEHYDE VAPOR 

i The specimens wer*t impregnated ai. 40 C., with 25 per ce it and 30 
percent gelatin solution containing 1 per cent ammonium thiocyanate. 

The impregnates were handled after gelling but before drying by.exposing 
to att atmosphere nf formaldehyde, stacking then in a closed chamber over 
a surface of formalin C37 per cent iqueocs formaldehyde). After 18 hours 
at 45 P in this chamber, the impregnates were diilyzed for 6 hours against 
ice water using the gelatin ea its own membrallanx/ved ^nd air dried 
prior to remoisfcer.ihg to render flexible. 


REMOISTKNING BY SPRAYING 

Samples of No. 181 glass fabric-cleaned in "Ryscore" acid cleaner 
were impregnated with 25 per cent gelatin solution at 40 C while stapled 
to 6 in by 8 in wooden frames using the procedures outlined in our August 
report. After chilling some of the impregnates were air dried while 
others were cut out o'* the frames in the congealed state, wrapped in S&ran 
and held under refrigeration until required. 

In order to obtain some idea as to how rapidly a dry glass fabric- 
gelatin impregnate would redydrate to th®rdesired pliability, the follow¬ 
ing experiment was carried out. A dry strip, 6 in. by 1 in. was clamped 
in a vertical position with the clamp at the bottom. One side of this 
strip WftS sprayed evenly with water. After ten minutes, the strip 
started to droop. After 2G minutes, the back side was atill dry and a 
crease made by hand looked as if fiber fracture had taken place. After 
two more resprayings and 1 3/4 hours later the strip was pliable but 
still not tack** on the back side. This strip could not be folded and 
rolled without sufferir.* any visible damage. 


CONSECUTIVE I:LISTENING AND CROSSLINKING 

Four 6 in. by 1 in. strips of dry impregnates were held between two 
clips horisontally and sprayed on one Side several times over a 30-oinutc 
period followed by a formaldehyde spray over an additional 30-minute 
period. The simples were then folded, rolled, and heat sealed in a Mylar 
Saran-polyethylene film. They are being held for stability and blocking 
tests. Table 33 summarises the treatments. 




7ABG..E 38 


1st TREATMERT 


2nd wmsmr 


C4632-40-B-1 

G4«32~40-B-2 

C4«22-^-B-3 

C4d32-40-B4 


s - Four sables were prepared as ia the .previous-' experiment and 
these were sprayed as summarised in Table 39. - 


TABLE 39 


TBBATMSrr 


C4632-39-A-1 

C4632-39-A-2 

C4632-39-A-3 

G4632-39-A-4 


2% formaldehyde 
45 

m 


All aaspies were then folded, rolled, and sealed .fn the Mylar-Saran 
polyethylene film for storage teste and for blocking. 


The following experiment using specimen* that had only beat; con¬ 
gealed after dipping was performed. Four strip* were mounted a* visual 
and Sprayed on one aid* with varying concentrations of aqueous formal¬ 
dehyde over a 30-minute period. The summarised results are given in 
Table 40. :■ «v.^ 


TABLE 40 


r' !W ' : ; laMTMKKT 

y \ t • £. - ‘J f - a 

Packaged ;is '<co^rol>' Li ;, w 

Sprsydi '?hh. 2% foraiildhhyd*! 


;6wSp>o4-2 


■wea ti$ «v : 
fri*. r|. i/wFrt 


'> v ’V > 









rolled, and sealed in the usual 


The treated spec Ire 

aWuuter' for' storage and b 1 ockiflg fee® ta 


j 8 ffl*>XST®HlHe SY CONTROLLED HUMIDITY OP&lATIONS \ 

v^t*^ v ,«se dt relative humidities as high as 100 per cent failed -tc. 
productSufficient pliability to perwii the folding of spacinene without 
croealng end cricking. Becauue of the unfavorable results obtained 
further pursuit of this approach was abandoned. 

Ad the impregnation solution we have used the 25 per cent gelatin 
solution. A Multitude of samples were prepared and treated in various 
wd£d. Some of the variables tested were the length of time in formalde¬ 
hyde wapofcy Vttth and without dialysis, with and without added formalin 
as a preservative. Table 41 aunpscriaea the various factors: V 


FORMALIN 
ADDED TO 
PACKAGE TO 
PRESERVE. 


LENGTH of time 

(KOSSLIHKKD IN 

gaseous pea- 
lab. no. imamm - 

4633-23--D-1 '■ 1 hmt 

4632-23rB-£;.. ' 1 'hotit 

4632-2i-D*-3i: ;, > _ 1 hour 

4632-23-0*4 : * hour 

.4632wai>u-E*4; 3 hours - 

k€"2-2K-t-2 
4632-24-S1-3 1 

4632-24-»-4 '.«■ 

4632-24-F-l 5 hours 

4632-24-F-2 " 

463$W$ff-*' ; ^ 

• h 72 hour# ? im 

4632-24-8-2' • fm r\.i 

4632-24-C-3 
4632-24-G-4 


DIALYSED 
5 HOURS 


.jNtere stored in the sealed Mylar-Saran-pofc^eth^lene film 

'/ ■•'’A' L fea* mmK Si ■ 


Ail s 
overwraps. 

How wp* Jfe 


a»pH* tc provide ansaefa to, such' ^Itfesi® .as: 
iwuira^t adequately cross link tha jreein so that it 
f apf Plff^io overdo the crosslinking fcfcep? ‘is di- 
Mi to ft&Cve the Uqulfiar and does it iM. raoove 
ar.vfc? ntMlr, is an Afded preserve h#c|Hary or 
aatariai sufficiently stable to requite n© further 


-feV - 

. iv; s ; *;*■ 

s, Hi.« 











treatment? 


All of these questions were insured after three months of aging 
followed by a critical ewainatior# of the specimens. 


SAMPLES R$fiYBRATBI> ASS OtOSSLlNKSD BY SPRAYING 


C4632-40-B1- Musty-^blocked ■ *&; 

C4632-40-B2- Moldy 

C4632-40-B3- Blocked at edges* otherwise acceptable 
C4622~4Q-B4- Slight blocking—some cracking at the folds. 


Conclusion* None of these were excellent. 


COMBINATION OF StSHDISTSKING AND CROSSLINKING BY SPRAYING 


C4632-39-A-1 

C4S32-39-A-2 No blocking but glass fabric ruptured at the folds 
C4632-39-A^3 Soase blocking, glass fabric weak at the folds 
C4632-39-A-4 Stiff, glass fabric weak at the fold 


None of these could be recommended. 


CROSSLINKING BY SPRAYING UN DRIED IMPREGNATES 


C4632-40~C-i: 

C4632-40-C-2 

C4«32*40-C»3 

G463240-C-4 


Blocked badly 

Some blocking - otherwise good 
Some blocking - otherwise good 
Blocked - somewhat "cheesy*', not good 


Cor.cltaiotu Spraying of formaldehyde doSs hot give the best 
> /'■ ; propijrtlo* to, gelatin. ; 


SAMPLES CSOSSLINKED WITH GASEOUS FORMALDEHYDE FOR VARYING 
LENGTHS Of TIMS 


4632-23-D-l 
M32-23- 


Swell amount of blocking, ho spoilage, rolls up 
spontaneously 

Very small amount of blocking, no petrifaction 
Jfigj$$ chaeisinaiitf, could be used 
-23-D-3 Liquified but not pUtriig . • 

4S32-23-D'4 Perfect - no blocking, no 'spoilage 


4032-23-K-l 

4432 - 33 - 1-2 


No blocking - stiff - resists unfolding - somewhat 
chesty - swercroaelialed \ 

No blocking - tone Slight erecting - .Seems less 
cheesy than E-l. fair* could be used 


nrrrtSrtra-TT 







PINS 




Liquified, si . musty odor ~ unsatisfactory 
.I&hallant..- nq ~'small amcunt of creasing 

»§&£'■';'... *...'■ -V- 


fSc^&iSfcitig' ^wrrcirosslittksia, cracked as it was 
ur.ro lied 

No blocking; - slightly better than F-l 
Liquified - unsatisfactory 
Liquified"- unsatisfactory 


No blocking - crazes as it is unrolled 
Same as G~1 

Crumbly -qrazes as it is unrolled 
Same as G~3, also weak. 


crumbly 


Conclusion: Ideal crosslinking time between 1 and 3 hours. 

Dialyzed specimens are usable at somewhat longer 
crosclinking time - Recommended about 1 1/2 hours 
in gaseous formaldehyde with no dialysis. 


REPLAdTICIZlNG WITH DILUTE FORMALIN 


A number of finished impregnates m.te ptepafed fsds 25 ?sr sent 
gelatin solution which wore irosslinked in an atmosphere of formalde¬ 
hyde for a period of id hour! at 70. F, Srhess formaldehyde was re¬ 
moved by an el§ht-hcur dialysis in ice water. These sheets were air 
dried ,to*ahiny»hard ; .i^rqj^atea v llieee Impregnates could not be 
folded), even after'storing in a M«pi £umiWlEt:£ anv~ifon»e!» 1 fc 'Mt hydrated 
beautifully in water. A sample soaked for 10 minutes was held in air 
for an additional 30' and then packaged &u 18a. A similar sample 
packaged at orate, after,the,labeled 18B. 

Taking Into consideration that those samples might not be stable 
to fcwcterjtai; only with we hava reaqiatened 

soma of them with fotmaldehyde of different ufwigthi'.... We redbgriite 
that too fli.ieh,: - r fhfcial^ : »h3plc; ,$*•$?£ .to "igjel^tln '/'•^Sheeay". and. , 

causes strength losses. • $iu*, m w&Uv infot tv. use.the minimum ,- '. v 
amount required. Table *2 summarises he teat samples of the series: 









TABLE 42 


REMGISTENED WITS 
FORMALDEHYDE SOLUTION 
BY DIPPING FOR 20-25 MIN 


Water (control) 
0*1% Formaldehyde 
0 . 2 % 

0.4% 

0 . 8 % 

1 . 0 % 

1 . 6 % 

2 . 0 % 


4632-25-A 
4632-25-8 
4632-25-C 
4632-25*-'D 
4632-25-B 
4632-25-? 
4632-25-G 
4632-25-H 


All samples uere packaged hermetically and held for 3 months 
storage life. 

At the end of this period the following evaluations were made 


C4632-25-A 

C4632-25-B 

C4632-25-C 

C4632-25-D 

C4632-2J-E 

C4632-25-F 

C4632-25-G 

G4632-25-H 


Semi fluid - sticky not unreliable 

Some blocking, some liquifaction 

Soma blocking, slightly sticky and tender 

?air - sharp fold broke gelatin film cheesy 

Cheesy - too far cross!inked 

Breaks on creasing - no good 

Cheesy, no good 

Very cheesy - no goed 


Conclusion: Remoistening with dilute formaldehyde reams to yield 
poor results. Not recommended. 


To combine the remoistening end crossUnking steps into on opera 
tion, dry impregnates which had not been previously cross).inked were 
remoistened and croetlinked by making for 32 minutes in the formalde¬ 
hyde solutions. Table 43 summsrCsea this seciesi 


TREA-mSHT (SCAKSS ?0R 35' IN 
SOLUTION THSN PACKAGED IN 
FILM 


4632.26-A 

4612 - 26 . 4 * 

MS2-26-G 

4632-rkd-* 

4622 - 26-6 

4632-25-H 


Water (control) 
0.1% Fotmaldchy W 
0 . 2 % 

0.4% 

0 . 6 % 

1 . 2 % 

1 . 6 % ^ 

2 . 0 % ” 






All samples were packaged and held for rtorage test. It is worth 
notingthet the samples in the higher concentrations of formaldehyde were 
weak sad crumbly and tended to oe tender during the rolling up operation. 
This appears not to be the case when gaseous formaldehyde 13 used as the 
crosslinkirg ag£ut. 

Ho speeial touts investigating the interruption of the drying suep 
short of completion were undertaken because some of the work under 
"dipping’' covered this operation. 

3 Months storage resulted in the following evaluation: 

4632-zS-A - Liquified ~ not putrid 
4632-26-B - Id.quifi.ed - no gell strength left 
4632-26-C - ltery slightly 3ticky, no blocking, no ovemoss- 
linking, no treeing at the folds, could be used 
4632-26-D - Some blocking, cheesy, o^ercrosslinked 
4632-2S-E - Cheesy - unsatisfactory 
4-S32-26-F - Cheesy - unsatisfactory c 

4632-2d-S - Cheesy - exudes some surface moisture 
4632-26-G - Cheesy ~ exudes formaldehyde vapor and excess moisture 

Conclusion: Simultaneous crosslinking and rcao.'stening 
is net promising. 


USE OF ANTIBLOCKING AGENTS 

The use of hydrophobic materials as antiblocking agents was investi¬ 
gated. The materials considered were white mineral oil, kt.osene, and 
silicone oil. " Je were sprayed onto water plasticized gelatin-glass 
impregnate which nad previously been crosalinked for 1 hour in an acmos- 
phere of formaldehyde. Table 44 summarises the results: 

TABLE 44 

lab. no. Treatment 

4632-41-1 No treatment (control) 

4632-41-2 1 hr formaldehyde gas (control) 

4632-41-3 ~ ” sprayed with kerosene 

on one side 

4632-41-4 " sprayed with 50% 

mineral oil in hexane 
4632-41-5 " sprayed with silicone 

oil-aerosol type 

The specimens were packaged and held for 3 months storage life, with 
the following results: ~ 








4632-41-1 - Liquified 
4632-41-2 - Extremely cbeesv - no gonl 
4632-41-1 - So blocking - but too cheesy 
4632-41-4 - So blocking * but cheesy 
4632-41*5 - Very goad - no blocking - cheesy. 

Conclusion: All of them could*be used. The cheesv-.es* has nothing 
to do with agent, but does sake antiblocking agent 
look better than it really is. We would recommend 
kerosene as a first choice. 


0BSK1VATI0SS OF TOSTCRB AND SHRINKAGE EFFECTS Wk IKG 
ElGICATION OP SPECIMENS FLEOmiESD WITS VASI003 SGLYEOT 
SYSTEMS 

A number of organic solvents having comparatively high dielectric 
constants for use with water were selected as remoistening media for dried 
impregnates of glass fabric and gelatin. The solvents chosen were methanol 
ethanol, acetone, and tetrahydrofur-ne. All of these co8>jr-'jads exu-Lbit a 
polarity indicating some of the solvent characteristics of water. In 
order to study the effect of varying the solvent-water ratio, different 
compositions were prepared varying from each other by 20 jer cent incre¬ 
ments. It was hoped also that these organic solvents might exert seme 
effect upon an i acreaae in diffusion rates, which we believe are critical 
in the overall rate of evaporation. Additional factors studied were the 
presence or absence of an ammonium thiocyanate fluidiser and the presence 
or absence of a dialysis purification step. 


PREPARATION OP TEST SPECIMENS 

Samples of Bo. INI glass fabric ware cleaned in Swift’s "Hi Score" 
acid cleaner. After rinsing and drying these were impregnated while 
stapled to 7 in. by 9 in. pine frames using the procedures outlined in 
our August report. Two kinds of impregnating solutions were used, 
namely: 25 per cent gelatin solution in inter with end without 1 per 
cent ammonium thiocyanate. Bach of these solutions mu used to im¬ 
pregnate five frames of glass fabric. After congealing, soma of these 
specimens were dialysed to remove the ammonium thiocyanate vhila others 
were not. All simples were than air dried,. cut out of their frames and 
used to prepare test specimens. The object was to obtain up to $ test 
strips of 1 in. by 6 in. plus a representative sample to be used lor the 
resin pickup determination. This objective was achieved by trimming the 
panel to a 6 In. by 7 3/4 in. aizs and cutting in alternating "tanner a 
6 in. by 1 in. teat strips, the entire seven 1A in. strips were dried 
and ashed to determine the resin pickup while t bn six 1 in. strips were 
used for the test work. 



fca*>!$T3KXKC or l'S.Y IKFR-SSATES 

a«coistening vas carried net in tie following manner: 0 ‘, 20, 40, 

€0, 90, TOO per cent: aqueous solutions of asthacol, ethanol, acetone, 
e»d hetrihydrafurana were prepared- Cne atrip free a set of six cut free 
a given panel was placed into each of the: solvent levels of one particular 
solvent. After two hours, the steciit :u> were removed, inspected for 
pl«t5e£ty ‘end packed for further listing. If a ssople was pliable and 
did not ctackorcraae oneraaav.ig. it was passed for further testing. 

The scapSc r wis divided sc. as to yield two pieces, one 2 1/2 in. long, the 
other 3 1/2 in. long. These samples utre sealed into separate Mylar- 
Sariu-pclyethylene envelopes. The smaller pieces were used for determin¬ 
ing distortion and torture during drying while the other specimen was 
used to find the rate of advert loss under high vacuum. Table 45 sum- 
mavises the treatments awd the results obtained during the reaoistening ' 
operation; 

■''' - ■ ' • •- TABLS 45 



BEWOfSTXRlNG OF GLASS-GELATIN IMPREGNATES 
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CQSCUJSIGRS S8GACDING RSOlSXatlWG 

The tffects of the. various factors- appear to be best discussed by 
taking then one at,: a tree and eliminating those sables which performed 
poorly. Thus the number of samples to bo discussed with the next factor 
ie reduced and a final choice is more readily determined. 


FRSSlKCB OF FLUIDIZES 

The lack of difference between s;i«plcs containing ammonium thiocyanate 
and those that do net when tested with -methanol formulations indicate that 
the removal of the thiocyanate is not required. 


SFFSCT OP DIALYSIS 

Dialysis appeared to make the gelatin film more susceptible to solvents, 
and tended to create a sticky surface- For this reason we would prefer to 
avoid a dialysis step. 

KATIES OF SOLVENT 

Tetrahydrofursee appeared to have strong liquifying properties. Ace¬ 
tone was less objectionable hot retained enough liquifying properties to 
cause it to be rejected in fa/or of the two aliphatic alcohols. Comparison 
of methanol and theanol indicated a small advantage in favor of methanol, 
tfe would tentatively consider the use of either methanol or ethanol in the 
2Qi*0 per cent range, with or without ammonium thiocyanate but without 
dialysis. - - 

QISTOfiTIOS A3D TORTURE ' 

An empirical approach was useh is the evaluation of distortion and 
torture. Samples of 'sesoistened specimens cut to exactly 1 in. oy 2 in. 
sise were laid flat on perforated desiccator plates. The plates were very 
lightly coated with a silicone oil to prevent adhesion. All the samples 
were then stacked in the vacuum chamber and evacuated to about 0.1 mm of 
mercury for six days. The samples curled to Varying degrees as illustrated 
in Figure 51. Of the samples which curled in the short dimension some 
curled away from the supporting plates while others curled towards them. 

This indicated that contact with the supporting surface was not the pre¬ 
dominant factor responsible for the curl. It is entirely possible that the 
curl ia due to such uncontrolled variables as the variability of the thick¬ 
ness* of the gelatin film or the failure of the glass fabric to be positioned 
precisely in the center of the film. Then too, the glass fabric appears to 
have two dissimilar sides, r The nonhooogeneous nature of the dried surfaces 
of some of the samples, notably those of the lower levels of acetone 





(46-4-20) and of tefcrahydrofurane (46-5-20), (44-9-20) Indicated that these 
advent# are least likely to ba successful. We have thus restricted our¬ 
selves to methanol end ethanol at tome level, the final choice of which is 
best cade on the basis of the rate of rslvent loss in vacuus#. 


6AT3 QP SGLVfflT JA<S UJOB& BTGK 7ACOTM 

The experimental procedure need in determine the rates of solvent 
loss fro* and the change of temperature cu* reaoistened glass fabric- 
gelatin impregnate* is described below. 

The apparatus used to determine rates of evaporation of solvents 
fro* the ample* of gelatin-coated glass is shown in Figure 52. It 
consists of two basic parts; a high speed high vacuum system on the left 
hand aide of the Figure 52 and an electro-balance, (Cakn R.G.) enclosed 
in « glass container, on the right hand side of the Figure 52. A more 
detailed view of thebalance is shown in Figure 55. 

Two samples of gelatin-coated glass, reaoistened with solvent of 
known composition, were placed in A (see Figure 53). One of them was sus¬ 
pended on a glass fiber from electro-balance at B, the other attached 
to chromel-alumer thermocouple at C. The reference junction of thermo¬ 
couple 0 was placed in 0 C temperature bath K. 

Next the stopcock A (Figure 52) was closed, mechanical and mercury 
diffusion pumps turned on and tha left hand side of the system evacu¬ 
ated to a pressure lower than 10"® mm Hg. as indicated on McLeod gegc B. 
After.the initial weight of tha sample was recorded on & strip chart 
recorder C, and temperature of tha sample measured using precision po¬ 
tentiometer (not shown) stopcock A-was opened and the balance compartment 
D evacuated. The loss of weight and changes in temperature were measured 
for about 3 hours. To determine the pressure changes in the balance com¬ 
partment during the run Firani gage F was used. To remove the residual 
amounts of solvent each sample was heated to approximately 95 C for 15 
hours and the amount of dry gelatin in each sample determined. 







rhe node of operating the vacuum ^apparatus restricted us to two 
samples per 24 hour period. A staple spis evacuated Cor three hours to 
determine the important points for toe evaporation and temperature curves. 
Tl-an the first sample was put into the bottom of the vacuum chamber and 
a second sample was tested for three hours. Finally, both .-amples were 
run until the following day. Thus one sample was run 24 hours and the 
other 20 hours. The values obtained for the final weight los 3 were not 
much lower, than .those of three hours. Consequently, in drawing the curves 
for these teats, values beyond ISO minutes have been omitted. 

A study of the curves, Figures 54, 56, 58, 60, 62, and 64, showing 
solvent content basis gelatin plotted against time under vacuum must be 
considered in the light of the temperature vs,^ time curves, Figures 55, 
57 j'_ 59, 61, 61, and 65.. There are various factors which must be weighed; 

a. In the methanol-water remoistened specimens those containing 
ausaonimi thiocyanate registered a much higher solvent pickup than did 
those containing no thiocyanate. The curves vary markedly in shape and 
it is fair to assume that the methanol , water ratio varies rapidly be¬ 
cause of the greater volatility of the methaneV. This is further evi¬ 
denced bythe fact that all curye^ approach the same end-point namely, 
water as the .principal residual solvents The ammonium thiocyanate not : 
only facilitates solvent pickup but retards solvent loss as well. This 
is explained by the normal hygroscopicity of the salt. It would appear 
that the,fluidiser should not be used unless absolutely necessary since 
reflexibii|zing .procedures would have to be sharply controlled to avoid 
thepickup of excessive amounts of plasticizing solvent. 

h-. The temperature-time curves provide a significant indication 
as u the rate of diffusion of the solvent from the interior of the 
specimen^ to the surface where it flashes its vapor. 

Examination of the temperature-time curves revealed that the samples 
were subject to very rapid cooling as the surface Bolvent was vaporized. 
Within a few pinutes and long before more than a minor fraction of the 
solvent was removed, a minimum was reached. At this, point any further 
evaporation taking place is limited by the rate at which the solvent is 
able to diffuse to the surface of the gelatin. This assumption is 
strengthened by the fact that heat from the surroundings is able to grad¬ 
ually raise the temperature in spite of the evaporation still taking 
place. That - such evaporation does take place is proven-by the companion 
chart showing the weight loss-time relationship. 

Therefore, an empirical relationship appears to exist between the 
rate of diffusion of solvent to the surface of the laminate and the 
’bluntneas” of the minimum point on the temperature-time curve. 

Noting the attached time-temperature curves for ethanol-water 
and tetrahydrofuran-water systems the water alone produces the most 
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blunt orrounded minimum point and theta is "ripple’* In the curve et | 

the subsequent incline. We conclude £rw this that there is freceing | 

©f-tM-wter and hence a much slower recovery dt environmental' : | 

Thiassas ripple occurred in the water curve shown ^itfe the methanol i 

curves but only when aorocium thiocyanate was present. The hufcp-vfiii not $ 

apparent when the thiocyanate fluidizer was eliminated. Any explanation \ 

for this variation is most difficult because of radiant heat sources | 

which might have prevented freezing. Since no "humps or ripples" were | : 

present in any of the other curves we are forced to conclude that the | 

broadness of the water curve minimum points are not & measure of'dlf- I 

fusion because of' frees!ng. The solvent mixture curves however are be- I 

lieved to afford an approximate picture of the diffusion rates. | 

- From a study of all the curves made it appears that 48'par cent 
aqueous ethanol, 20, 48, 60, or SO per cent aqueous methanol and 20 or 
40 per Cent aqueous acetone all offer distinct possibilities in the 

light of their diffusion and evaporation rates. Whether of not one - 

concentration or organic solvent-water system is preferred to another | 

will depend upon temperature minimums achieved in an extra terrestrial 
atmosphere. 


Since the capacity of the laboratory equips® r.t used was relatively 
minute as compared with the capacity of outer space, pressure could not 
be maintained below 10" 3 Tory as long as any vaporization was taking 
place. ' . ; ' -f Ki:; : ■ 




It was proposed that larger vacuus chambers would bo necessary be¬ 
fore the possibility of "gassing" of the solvents would be a problem. 
The rate of rigidisation as a result of solvaat loss could be measured 
only in a much larger chamber where hard vacuum* could be maintain**! 
during solvent vaporisation. Hi* curves plotted dusittg the study Com¬ 
pleted ao far were extended to 2 or 3 hours before true ri^idisstior. 
took place. /"• ; r ; -j 
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'&w§t specimens wire . ?br hard vacuum testing at 

of fejtjr samples for each 
: tin® c* ,tfc« fine! meeting which 

^r v?5 <>* Tfc**» teei specimens were 
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•i'j • ,_jV' t :, Mk-<. • -’ * •- •'• '• ’ ”' •;■ •' ' -. ’ '• >,•-•'■' .: , 

6~20 gelatin waa »&d*. up with distilled water to 
•^ting_^d'bringing.,t;o 40 C, No. 181 
acid cleaner.and tacked onto 

*• ‘it£ ■ |y 4“" ^7^|ea' itames ms impregnated, congealed,, and crostlinked by 
placing.into.,an atmosphere or formaldehyde for ? 1/2 hours. The atmos¬ 
phere of formfidei;>:$e i?w. fh*t which resulted when an open surf ace of 
37 per cent aqu*eus itormaldehyds in a closed container was allowed to 
reach..eijuvlib^^^ith,. the space abave it.. Tne gelled impregnates were 
scapied into t^e <;oRtain*.r above the liquid formaldehyde solution in such 
a way that all, surfaces were freely accessibie to the vapors. After 
1/2 .Ware, the frames were removed and all owed to dry. Sher. dry the 
^•iw^isp^^wi^eL/cpt. ,out^ tritwtod to their floal si?e of 5 in. by 7 in. 
and subjected to doe of the four treatments ent*em?ed below: 

1. Remoistened with water at 20 C for 2 hours. 

2« Semoisteuea with.23.pec cent methanol (by weight) at 
. T .». ; ,-. :i 2Q ,C for.; ? .-hours, ■■{■■ • 

3..-Remoistened with 80 par c;eut methanol (by weight at 
20 G for 2 hours. 

4. Remoistened with 80 per cent No. 30 alcohol (by weight) 
at 20 C. for 2 hours. 

At.the end of this time, the specimens were, removed and wrapped in . 
aluminum fot^,until they could be folded and packaged. A more detailed 
discussion regard|ag the individual series follows: 

RMDISTENSD WITH WATER ALONE 

The remoistening operation yielded good supple sheets but twe hours 
appeared to letd to excessive water inhibition. This in turn caused 
some fragility of tho gslatin film. Therefore, we would consider the 
two hour period to be the maximum with the optimum at some shorter 
time period to be determined under actual application conditions. The 
samples were labeled 4632-7U-A. 

REMOISTENED WITH 20 PER GENT METHANOL 

The samples remoistened wall and appeared to be satisfactory. 

They were labeled 4632-74-a. 


SBM0I8TEHING WITH 80 FRR CENT METHANOL 

The aaraplee remoistened sufficiently well su that they could be 



folded. There wt~v s areas which, while plastic had not yet reached 
equilibrium with the liquid. Such areas were lighter in color indicat¬ 
ing less penetration of thu reawiatening solution, The areas around 
the edges were more thoroughly penetrated as indicated by their trana- 
luscent appearance. These samples Should be inspected carefully at a 
later date in order to determine if the final equilibrium state re¬ 
sulted in a more equitable plasticizer distribution. The samples were 
labeled 4632-74-C. 


REMOISTENED WITH 80 PER GEN*' NO. 30 ALCOHOL 

No. 30 alcohol is 95 per cert ethanol to which one gallon of 
methanol has bei-u add?,d for every ten gallons of ethanol. The speci¬ 
mens rciaoistened permitted folding, however, there were what appeared 
to be incompletely equilibriated areas. These samples after folding 
and packaging lost this spottiness in a few days indicating that two 
hours was insufficient time to permit equilibrium to be reached. No 
other reason was apparent as to why this formula should not prove to 
be acceptable. The final decision should be made on the basis of results 
obtained when the package is opened, unfolded, and dried. These samples 
were labeled 4632-74-D. 


CROSSLINK!HG ANI) DEHYDRATION IN ONE STEP 

We have in mind a simplified procedure resulting from the consoli¬ 
dation of several consecutive steps. Thus, instead of crosslinking in 
gaseous formaldehyde end then drying and finally remoistening with our 
chosen solvent mixture we would put the gelled impregnate into the metha- 
nolic formaldehyde, and at the end of the immersion period be able to 
withdraw a crosslinked, plasticized impregnate. 

Experimentally, the following test was carried out. Four impreg¬ 
nates wre prepared as usual and after gelling were immersed in 1 per 
cent formaldehyde solution made up in 80 per cent methanol. After 
several hours, the impregnates had swelled more than usual; after 24 
hours, the impregnates we t& still overswsllsd but were not weak. These 
samples, 4632-75-A, were packaged forfurther testing. It should be 
pointed out that if a less plastic IzedmAtcrialis desired, this could 
easily be obtained by decreasing the water content in the methanol. 

CROSSLINKING FOLLOWED BY SOLVENT EXCHANGE 

Taking into consideration the possibility that the above consolida¬ 
tion of steps is too extreme, we have investigated a two-etep process 
where the gelled impregnate 14 cross!inked with formaldehyde vapor but 
instead of drying, the water ii merely displaced with methanol. Four 
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replicates., *o prepared w'u;e labelled 4632-73-A. AH samples were suitably 

in a/hartf vAcptim.\Wt'; Vicon. 

.'...As. pi»t$v .^;' : a.,,tei : apho n f?', conversfiti’c^'w^Cb lie. Ivan'Russell, it was 
agreed i^‘>lE^tber studies on these specimens in high vacuum would be 
carried;, WtfAt, iyitoh;'rather 'tJ^hJa^dbUl!; Electric‘Ah proposed in the • 

ifeve^h^r Zz ^ ZZ \ZZ ■ V , '..;" ; - ’ r . ' ; 


CONCLUSIONS AND RECOMMENDATIONS 

Throughout this research program certain conclusions have been drawn 
in the light of those process steps which seem to be required for the 
successful, saturation pi fabric structure which in turn must be expanded 

■ and■ ri^ii«Bd''.i!n ( .’fpAhe'.*; '.-. ’'*‘ 1 ] 

These, steps are, listed as follows with appropriate comments as to 
the preferred procedures to be employed? 

1., Cleaning of the fabric so as to improve the bonding with the 
g^l&t£n. rti^irx syiii6a. , In the case of glass fabric, an acid cleaner 
such as Swift's liy-score Cleaner was satisfactory. No work has been 
done with nylon. Dacron, or other materials but it is assumed that some 
kind of cleaning to remove sizing material should be effected. 

2. Saturation of the woven structure with an air free solution 
of gelatin in water at an elevated temperature 110-140 F. Concentra¬ 
tions up to 25 per cent gelatin may be used without exceeding the limit 
of 15Q0 ( .cps. Fluidizers are optional. 

3. Inflation or positioning so as to produce the desired structure 
and permitting the gelatin to set to a firm gel. 

4. Crosslinking is effected preferably by exposure to formaldehyde 
vapors. 

5* The structure ia rigidised by drying in its final form. 

6, Reflex^bilised.by re»pist«hing with a Suitable plasticizing 
solvent. Although,water atone iq' quite satisfactory aomswhat better 
diffusion to ,the surface can be effected by using co-solvents such as 
water soluble Alcohols, or ketones. These serve as antifreeze agents 
and hence, greatly accelerate the flow of the volatile components to 
the surface of the structure for evaporation. High boiling, plasticizer 
may 1 well be suitable but will be much slower in reaching the desired 
volatile state,,; , ' ........ 


,■ 7. Final t packaging of the flexible structure with some excess 
formeldehyde^tp inWe adequate storageiife and a non-blocking agent 
such as kerosene or light mineral oil. 





As a result of &11 variations z tudied in this program the following 
cecrnmendations are maiie a part of this final report.* 

... : ;(4ny concentrefciun up to 25 par cent gelatin ear. be used. A course 
gri,pd."$#. erred, so that the gelatin can be thoroughly moistened with 

cold toate.K 'with- a minimunof stirring. 4 to 6 mesh particle sits permits 
thorough wetting with almost no entrapment of air. One or two hours soak¬ 
ing In the cold water results in complete swelling of the gelatin with 
no residual' free water being’ apparent, this granular gel should not be 
agitated so as he avoid ait entrapment with the resultant and problem of 
fpap scum on the surface. Instead the swollen granules are melted fey 
indirect heat without stirring until the mass is clear and fluid. 

Upon completion of the saturation and while still was® the struc¬ 
ture should; be maintained in its inflated for® and held in this way under 
a plastic Hood while crosalinking is effected with formaldehyde vapor. 

The vapor may fee, generated from a fogging or atomization of commercial 
formalin or by introducing the formaldehyde into the air used for in¬ 
flation. If possible this should be done at as high a temperature as is 
practical in order to permit the gelatin resin to migrate uniformly 
throughout the fibers before fixation with the aldehyde. 

Prom this point on drying is effected while the structure is in its 
erected forii and continued until the structure is rigid. 

Remoistening to render flexible for packaging can be effected by 
water alone or aqueous solutions of methanol or ethanol to which a little 
formalin is added. This can be done by pumping the voids of the ctructure 
full of the solvent mixture until the desired flexibility is obtained. 

80 per cent methanol or ethanol and 20 per cent water is considered 
optimum since the amount picked up is self limiting. Another advantage 
is the degree of antifreeze protection and the extremely rapid rate of 
rigidization. 

Prior to folding for packaging the structure should be fogged with 
kerosene mist as an ex-ellent lightweight volatile antiblocking lubricant. 

Various modifications of this sequence have been delivered to the 
prime contractor in the form of 5 In. by 7 in. specimens folded and her¬ 
metically sealed in individual plastic envelopes. 


FINAL MEETING WITH PRIMES CONTRACTOR 

On January 27, IMS, the leader of thia project mat w th the tach- 
nical paraonnal of tha prim* contractor and tha final samples were 
delivered for further tecting by Viron. 

During tha discussion of tha varloua problems anticipated in tha 




asafelng of tie larger structures we made numerous suggestions to the Vlron 
personnel. As sflatter of record these are outlined as follows: ~ 

t .tn the corrstructlon Of very large solar ollect.-rs tie various 
aegfiarrSa'in ^fee shape of a "piece" of pie could he fabricated individually 
and bonded into final fora uj^ing gelatin aa the adhesive. 

^ W the saturation of large shelters using the fluted'fabrics In 
cylindrical fora a method would comprise a dipping tank with 

double wilif^^Sttruttion. TSa in^e'r will would feature a circumference 
but 1 ill|htiy smaller than that of the inner, wall of- t~ : «t 'ey! iiwr i \\ 
shelter, the Outer wall"would be large enough to permit the fabric to 
be dropped in and expanded by maas^ of wooden or plastic "mandrels in the 
flutes aft«r filling the annular-shaped tank with the gelatin "resin the 
m^drels would be withdrawn slowly therrSy drawing the warm solution 
throB^h the fabric'.mesh, The saturated cylinder with fluted walls new 
expanded would be drawn slowly out of the tank so as tc pern it'as iauch 
runn'f as desired, the remainder could be gelled rapidly by cold air as 
desired, The uniformity of the resin pickup could be controlled by the 
eotiCentration of the gelatin solution, temperature of "the solution, and 
rate of withdrawal £tLk the tank. Tho important point is that the fluted 
cylinder would remain inflated during the slow removal from the annular 
tank. The pdS8ibiliiy of multiple dips using less concentrated gelatin 
solutions should not' be overlooked. 

3. In the- "beefing up" of saturated fabric structure thin sheets of 
gelatin jelly con be made up with predetermined thickness ard concentra¬ 
tion. These can be laid over any surface and penetrated by means of 
fusing with a heat lamp. 

4. Pinally, it was suggested that similar- Strengths erm be achieved 
at much less weight if glass fabric were replaced by silk, wool-, hair, 
collagen or any other protein fiber The ss* of nylon and Dacron already 
under study make use of this density advantage. 
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Per Cent Ammonium Thiocyanate 


Figure 50 ViecofiUea of 25 end 30 per Cent Gelatin 
%< 4 * 4 ^ C Gain* Ammonium Thiocyanate as 
' " the Liquifier 







Figure 51 Distortion and Torture. Test Samples 
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I, INTRODUCTION 


The principal goal of this project was to develop an adhesive 
layer to attach an aluminized Mylar mirror film to a supporting Dacron 
or nylon honeycomb fabric. 

The adhesive layer must satisfy four separate functional require¬ 
ments: 

(1) It must adhere strongly to the Mylar film and the Dacron (or 
nylon) fabric. 

(2) The adhesive must be flexible enough to permit folding and 
deployment over the prescribed temperature range (50 P to +165 F). 

(3) The adhesive layer must fill in and hide the "see-through" 
distortion of the fabric and seams. 

(4) The adhesive must not separate from the substrate or bubble 
in a high vacuum. 

To accomplish these objectives, we investigated various types of 
adhesives, including silicones, epoxies, and urethane?. Tc further mini¬ 
mize the see-through problem, thin layers of flexible fo'm were used in 
combination with these adhesives. Flexible foams of relatively high 
modulus were obtained commercially and/or synthesized in our own 1 lb- 
ora tory. Velvet cloth was also evaluated as a possible alternate to 
foam to hide see-through. 

t second goal was to evaluate films other than Mylar as the mirror 
surface. Biaxially oriented caprolactam and ethylene/vinyl acetate 
copolymer films ware evaluated for this purpose. The strong, iov- 
modulus ethylene/vlnyl acetate film appeared to be especially prootUinp 
as a possible replacement for Mylar. 




II. 


SUMMARY 


A. ASESSIVES 

For ease of application, most of the compounds which are possible 
candidates as flexible adhesives for the solar mirror assembly are 
solvent-extended mixtures of polymer solutions. In those systems, the 
volatilisation of the solvents during or following cure of the resin 
causes shrinkage of the adhesive layer. 

In some cases, this shrinkage occurs over a period of several days 
and develops forces which are so strong as to greatly distort the Mylar/ 
adhesive assembly. To avoid this shrinkage and resultant distortion, 
"allnsolids" adhesives are rnich preferred. 

Silicone adhesives are available in a wide variety of types and vis¬ 
cosities and can be cured to different degrees of hardness by several 
routes. They are dimensionally stable, chemically inert as cured resins, 
and possess good strength, elongation at id excellent flexibility over a 
wide raugo of temperatures, including as low as -60 F. Some silicones 
adhere well to cleaned but unprimed Mylar, while others require a primer. 

Many of the silicone* may be solvent-thinned for easy spray appli¬ 
cation, but the preferred sol* ’'nr-fre? materials are high viscosity and 
require high-pressure airless . ,r- quipment for uniform epplication. 

The General Electric RTV u; . ’owest viscosity, one-component, all¬ 
solids silicone included i. . * iy. It adheres to unprimed Mylar and 

most nearly meets the product - i aments tor the mirror adhesive. 

As ordinarily prepared, epoxy resins are useful rigid adhesives. 

By proper selection of resin reactants, the epoxies can be tailored to 
obtain room-temperature flexible products. In most cases, these rubbery 
epoxies will adhere to Mylar without a primer, and their strength proper¬ 
ties ere good. However, the rubbery epoxies have the disadvantage of 
becoming rigid end brittle at tampataturea only slightly lower than ambient 

Solvent extenders are normally necessary in application if the 
rubbery spoxy adhesives in o>der to apply them in the desired thin layers. 
As previously noted, use of solvent diluent causes excessive shrinkage 
of the adhesive layer (end resulting see-through) during end following cure 

To overcome there problems, an all-solids epoxy adhesive nas been 
developed which is fluid when prepared end curst overnight to tore a 
flexible rubber. This cured materiel may be tightly folded double at 
room temperature and recover totally when released. Adhssion of this resin 
to unprimed Mylar is excellent, end no shrinkage or distortion occurs 
during or following cure. This epoxy resin his much to recommend it, but 
it still has the limitation of poor flexibility at low te«?*ratures 
(e.g., - 60 F). 





Like epoxies, the physical properties of urethanes can be varied 
by choice of reactive resin ingredients. Unlike epoxies, urethane adhes¬ 
ives require a primer to adhere to Mylar film. 

Nopcothanes 201 and 203 are air-curing urethanes which are easily 
applied due to solvent dilution. Their adhesion to Mylar is good, but 
shrinkage accompanies cure. An all-solids urethane which is air-curing 
and flexible has been studied. It does not shrink, but slow cure and ad¬ 
hesion remain problems. 


B. FOAM AND OTHER INTERLAYERS TO MINIMIZE SEE-THROUGH 

In addition to adhesives, an interlayer may be used to minimize or 
eliminate "see-through". If the interlayer functions as designed, it 
allows the perfectly formed, parabolic Mylar mirror a measure of "freedom" 
by introducing the possibility of shifting slightly with respect to the 
cloth substrate. The degree of "freedom" is dependent on the type, density, 
and firmness of the material. In urethane fcums, the choice is quite 
wide—from extremely flexible, low firmness, 2 pcf open-cell commercial 
stock, all the way to those which are just foldable and very firm, pre¬ 
pared in our laboratory. Both trade and laboratory materials have been 
submitted to Viron for their evaluation. 

Differing from foams in structural type is velvet cloth, which has 
much to recommend it as an interlayer. As a fabric, it is extremely 
flexible in every direction, but in the direction of the pile it is quite 
firm and incompressible. 

C. MYLAR REPLACEMENT MIRROR FILMS 

Because of its unique low modulus among high-strength materials, 
biaxially oriented ethylene/vinyl acetate is recommended as a candidate 
for the mirror film material. 
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III. DISCUSSION AND EXPERIMENTAL 


A. ADHESIVES FOR MYLAR 

I. Silicone Adhesives 

Silicones, epoxies, and urethanes were tested as adhesives for 
Mylar. Each had peculiar advantages and limitations. 

Silicones are available in a variety of types and viscosities and 
can be cured by different routes to various degrees of hardness. They 
adhere well to a variety of materials, are dimensionally stable, are 
chemically inert as cured resins, and possess good strength and elonga¬ 
tion Their outstanding property for this application is excellent 
flexibility over an extremely wide temperature range. 

Two basic types of silicones were studied, one-component, or "ready- 
to-use" ; , and two-component. 

The "ready-to-use" included RTV 102, 103, and 112, which evolve 
acetic acid during cure, and DC 92-018, which does not. The RTV 112 is 
the lowest viscosity in this series, and 1X1 92-018, the highest. All 
these adhere well to Mylar that has been thoroughly degreased by multiple 
washing with organic solvent. 0 , but the cure requires several days to 
become tack-free and about three weeks to develop maximum strength prop¬ 
erties. Since no primer is required for adhesion to Mylar, they are highly 
resistant to solvent attack. 

The two-component silicones included RTV 11, which is lower in vis¬ 
cosity as an uncured resin, and RTV 60, which has superior cured proper¬ 
ties. Rate of cure of both can be widely varied by choice and concentra¬ 
tion of catalyst. Adhsion of both these resins to Mylar which has been 
cleaned and primed with SS-4004 is excellent. Primer application Is only a 
slight disadvantage, and its distribution is improved by the addition of 
oenayl alcohol in a 1/1 ratio. Since the primer is subject to attack by 
organic solvents, it is, in the presence of these solvents, the weak link 
in ths film/primec/adhesive assembly. It is not affected by water. 

RTV 60 wac used two ways; (a) as 100 per cent solids in which T-12 
catalyst was mechanically mixed, and (b) as a spray (aerosol can in which 
the silicone is diluted with « hydrocarbon) with the catalyst applied as 
an overspray. In some cases, the overspray was applied eittultaneously 
with the resin solution. This spray technique has the advantage of uni¬ 
formity over an area, with thickness being controlled by the number of 
coate. It had the disadvantage of curing slowly and of shrinking as the 
hydrocarbon evaporated from the film. The 100 per emit solids RTV 60 
was applied by spatula after catalysing just prior to application. This 
method provided a much more rapid cure than the spray system, but uni- 
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fortuity of application suffered- Although not studied, high-pressure air¬ 
less spray is the logical means of uniformly applying 100 per cent solids 
RTV 60, 


RTV 11 was used only as 100 per cent solids and possessed curing 
characteristics similar to the all-solids RTV 60. 

See Table No. 47 for data on the tests of silicones as Mylar adhesives. 

2. Epoxy Adhesives 

Epoxies are recognized as outstanding adhesvies in mar; applications. 
They have the advantage of being somewhat adjustable in flexibility by 
choice of ingredients. For use in this application, they require no primer 
to form a good bond with Mylar- 

Many epoxy £ormulat5.ons are reduced in viscosity by addition of sol¬ 
vents for ease of application. A problem develops during cure, however, 
due to the evaporation of tnia solvent. Experiments were conducted to 
evaluate the extent of this problem. Rather heavy layers of resin solu¬ 
tion (to cure to about 20 mils thick) were spread on sheets of Mylar and 
allowed to cure. After one day, the resin layers were dry to touch, and 
the films still laid flat; but by the second day, the resin layers had 
shrunk enough to curl the film. These assemblies were then hung on a line 
with free distribution of air and obsfrved daily- Shrinkage continued 
for at least six days, in one case, and ten days in another. After these 
elapsed times, the curling ends had pulled the film to form cylinders, 
which prevented further change in appearance. These are Runs 43482-2, 3, 
in Table 48. 

When a. solvent-extended adhesive is used on a fabric surface, it will 
vary in depth, depending on the weave. At points where the resin is deepest, 
greatest shrinkage will occur, and "micro-dimpling" of the Mylar surface 
will develop as this shrinkage proceeds, due to forces developed in the ad¬ 
hesive itself. It thus follows that, for the solar mirror application, 
solvents are to be avoided in epoxy adhesives as well as in silicones if 
distortions of the mirror surface are to be eliminated. 

Several epoxies and mixtures of epoxies were tried in order to find 
a solvent-free system which is fluid while uncured and flexible enough to 
fold after cure (see Table 48). Although not likely optimum, the best 
system of this series consists of 10Q parts Epon 872, 100 parts D.E.R. 

736, and 15 3 parts of Epon curing agent U. This resin is like varnish 
when first mixed and cures overnight to a flexible rubber. At room tem¬ 
perature, sheets ac thick as 1/10 inches (0,1G’; may be folded double and 
squeezed with pliers, and still totally recover when released. The ad¬ 
hesion of this resin to Mylar is excellent end shows essentially no 
shrinkage or distortion in a 20-ail layer after one month. This epoxy 
system has very good low-temperature properties, but is not equal to the 
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silicone# and, like the siliconws, would limply require high-pressure 
airless spray for uniform application. Table 48 lists the details of the 
preparation of the epoxy samples. 

3. Urethane Adhesives 

TVo approaches were tried in order to find a urethane adhesive for 
Mylar. In one case, Nopcothane 201 and 203 were tried. These are room- 
temperature air-curing varnishes diluted about 1/1 with solvents. The 
201 is more flexible and adheres well to Mylar primed with Arolast 8990. 
The presence of solvents in these varnishes has produced erratic results. 
In some cases, shrinkage has accompanied cure; in others, it has been 
minimal or absent. This variation is not understood. The best in the 
series is 43488-0 (Table 48). 

The other approach was an all-solids, air-curing, room-temperature 
urethane. It cured over several days to a flexible rubber, but had only 
fair adhesion to both unprimed and primed Mylar. Thus, no satisfactory 
urethane was found. Details of experimental work on urethane are listed 
in Table 48. 

4. Resistance of Adhesives to Solvent Attack 

The possibility of blisters forming between the adhesive and the 
Mylar due to contact with an organic solvent or vapor has been considered. 
Degree of attack by a few organic solvents likely to be encountered were 
studied by placing small coupons of representative laminates in bottles 
with varying solvents. 

All adhesives or their privets are affected by organic solvents. 

The degree of attack varies from stvert to slight, depending on the resin 
and solvent. The one-component silicone performed best. (See Table 4p 
for data). 

5. Effect of Temperature on Adhesives 

By American Society of Testing Materials D-1043-61T method (1), 
modulus of rigidity vs. temperature studies have been made of the adhes¬ 
ives studied in this program. 

Besides providing a comparison of the various materials in their 
response to temperature, two items of special interest for this project 
were uncovered. 

One is the very flexible properties associated with all the sili¬ 
cones, even at temperatures as low as -50 to -60 F. The other is a com¬ 
parison of the resin formulated from Epon 872 x 75 (contains 25 per cent 
xylene), Beetle, and Epon U with the same formulation using Epon 872, 
which contains no xylene. The much greater flexibility of the Epon 872 r 
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75 containing material la due to residual xylene, which serves as a plas¬ 
ticiser. This is desirable at normal temperatures and pressures, but would 
be lost ft the lower pressures of space. These data are listed in Tabic 46 
whtcn summarizes the curves, indicating T45000 and T670 for each adhesive. 
The T45000 is an arbitrary value chosen to indicate a transition from i 
solid to plastic material, and the T670 indicates a further transition from 
plastic to flexible. 


RTV 102 
RTV 112 
RTV 11 
RTV 60 

Epon 872 x 75 30.Og 

Beetle 216-8 1.0 

Epon U 1.5 

22.5g 
1.0 
1.5 

1.5g 

1.5 

4.6 


Epon 872 
Beetle 216-8 
Epon U 

Epon 872 
D.R.R. 736 
Epon 0 


TABLE 46 

STIFFNESS MODULUS OF ADHESIVES 

PLASTIC TO FLEXIBLE 


TRANSITION FROM 
SOLID TO PLASTIC 

T 45,000 


Dupont Adhesive 46971 
Nopoothane 201 
Nopcothane 203 


-38F 

-8 

-56 

-17 

-53 

-26 


670 

-58F 

-54 

-62 

-62 


+46 

+70 

♦16 

+207 

+9 

+123 


The curves giving the change of -edulus with temperature are given in 
Figures 66 through 75. 
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Figure 74 
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&MSSITO8 K» .*&£S (omm ■ Hi, MYLAR) 


- , Silicone.adhesives .were.,£out?S to^feave.faijp' or good adhesion to 
%£ilm, eaproifflctfias; and feiaxiaHy oriented ethylsne/vinyl acetate, 
dodfeti cleasing and/or prime* mu Id .have upgraded these resul 

(See ^h|e$0>. Flexible epoxies visa formed & strong bond with un~ 
primal ethylenei/yinyl acetate. 

L^Jfce Sylar, athylene/vinyi acetate is comoercirUy available and 
has SW&yboptoftiea as high strength, ease of being aluminized, and g< 

vacuum and radiation of space, But unlike Mylar, 
has the unique property of low modulus. This low-modulus property apj 
to be a Very desirable property for films intended for use in a btruci 
which misf be folded after assembly and in which the precise geometry 
eriginaUy feuilt into the structure must be totally restored after de 
ployment. For this unique property, ethylene/vinyl acetate film {* 


C. K’ftM. L4MINATK ASSSfcBLTES 

Laminates were prepared using 1.5-mil Mylar washed with triclane 
xyiene., and acetone as one element. A few had, five layers: Mylar/adi 
ive/fohis/'Adheftive/cloth. For expediency, we omitted a part of the la 

Thia group provided both materials for obser 
^n spj»4?ttiaity to evaiy^ts ac»e variations tn materials and 
technics. See the ohsurvationa in Table *1 concerning this work. 

Conclusions are as fo.tlcvs: 

^:.di*eu«aed;;in •fche'iadhe^iviKi.i; sect left, solvents in the adhes; 

■ laytr ;^e8ei^'-pirobl^S:h*re. ^ i^$om instances-, there is gradual 

■ shrih^ag* _o£ the adhesive during or follcwiitigcure, resulting in 

■:.vv; fhe ieslnate ttnd'*^rodimpling M of the fiber surface, 

In other In? any#®,, the urethane foam is swelled severely by ab¬ 
sorption of solvent dicing assembly with gradual return to origli 
dimension*-later and witfcrresultant distortion. 

* V ’ #R fcteovgh ifet realM are the same, the RTV 60 in which the 
catalyst.. Is ®echer?IcaUy uis-©d cures about four times as fast as 
the aerosol-applied rosin, with cstalyat applied as an overspray, 
doubt this la due to the re intimate mixing of the catalyst I* 
former case. 

After ihe laminate is folded, there is little strain, stretch 
and wrinkling of the ityifuc the adhesive layer ia thin. In c 
tract, the distortion of the Mylar is sxcssslve after folding ver 
thick sections. It follows, therefore, that minimum thickness of 
tha adeesivr. layer i@ s. deelr?.M* goal for minimum mirror distort 
due to folding. 
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D. INT6SLAYKI MT1SIAI, 


If fsbric 'see-through ’ cannot be avoided by choice cr development of 
a suitable adhesive, an interlayer of such physical forte and structure as 
to allow the mirror film a measure of "freedom", with respect to the cioth 
substrate, say be needed. Several approaches were taken to find or produce 
this material. Table 52 describes work an interlayer materials. Two general 
types were tested and are discussed below: 

1. Modification of Commercial Foam 

Commercial 2 pfe open-cell flexible urethane 1/16 in. foam was first 
tried as received as an interlayer. Adhesion of the foam to either or 
Mylar presented no problem. However, when the adhesive was silicone, prim¬ 
ing of the foam with SS-4004 improved adhesion. When the adhesive did not 
penetrate into the foam, this type material was very delicate and easily 
compressed. To increase resistance of the foam to compression, penetration 
of the adhesive into the foam was studied. This involved coatirg the in¬ 
terior of the pores with the adhesive resin. Products varied front soft, 
flexible materials through rubber-1Ike stripe when heavy charges of sili¬ 
cones were used, all the way to semirigid tough sheets like cardboard, 
when epoxies were used. Also included was a similar series in which the 
starting foam was a 6 peff 1/2 open-celi material. Beat result® were 
achieved when the resin solutions were-diluted to about 35 per cent to 
50 per cent solids. This provided good distribution, and the foams were 
still largely open-cell. At this concentration, there was great increase 
in resistance to compression with a minimum increase in weight when a rigid 
resin like j'iopcothane 203 was used. But this approach was only partly suc¬ 
cessful, largely because of poor distribution of resin. In an open-cell 
foam, the entire structure, is composed of posts or "struts". The goal is 
a uniform coating of rigid resin surrounding each strut. This goal is a 
uniform coating of rigid resin surrounding each strut. This goal was 
achieved ir. parts of the foam, but, In other areas, microscopic examina¬ 
tion showed that the resin forma droplets, or even large drops sometime* 
at the intersection of two or more struts. This uneven distribution problem 
has not been solved. 

2. Velvet 

Velvet bia been studied as a special type of "freedom" layer. Since 
it la composed of a sheet fabric on one face and "bristle" cn the other, 
there ir flexibility and complete freedom of movement parallel to the 
plane of the cl.th, with mnximua resistance to compression in the opposite 
direction. Filling of velvet with adhesives was also studied. See Table 52 
covering interltyer modification. 

3. Commercial Foams 

Imp Lev was made In the trade as to the availability of foams of not 
mere than 8 pcf density in the flexible range, but highly resistant to 
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Xopeothane 201 

ffopooth'ir.e 201 «■!•,* ad iri*h i 1/1 mure 
of xylene cellosolve. 

^ parta Hopcotnane 201 * l par', xylene 
Jiopcoihan* ?C 3 . 

1 part Hoaccthmw? 203 O 1 part xylene 

2 part f. Hcpcothene 203 , 1 part xylene 

2 parts jfopcothans 203 , 1 part xyIene,o.5JJ DC-113 

2 parts ffoptrothane 203, 1 part xylene, l.Ojt DC-113 

~ 1 par ' ■opeotJane 203 , l par xylene* 2 par* 3 aeetotja 

* parts Ropeobane 203, 1 part -nethyl ethyl 
ketone 

3 parts Hopcothane 203, 1 pan -ethyl ethyl 

ketone " 

2 parts Hopcothane 203, 1 part aethyl ethyl 

ketone 

15 3 dn, 15 Z D.B.R. 736, 3 r triethylene- V 
tetraa^ne, 30 g ^ylene 

S? 3 Epon $72 x t5» 1*S ? Bpon curlnc agent ff 
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compression, Cnfortiavately, vary ?ew were found. 

0 Jw 6 outstanding material of considerable interest was located and 
ie recommended *5 a candidate. It was develped for the Navy by the test- 
iaghouse St;search and Development Center at Pittsburgh, Pa. 'to serve 
as a cushioning material. The team is largely open-cell of about 8 pcf 
density and designed to process hi-jh resilience over a wide teaperature 
range. Wills not coataefcial, this foam has been made in quantity by the 
Foaa Division of Scott Paper Cispany of Chester, Pc., and coulc easily be 
produced by the* or others, should the need develop. An interacting 
group of Scott products which ore connerciel are a series of Scott Pelt 
Grade 9Q0 materials, These are made by expressing 2 pcf flexible open¬ 
cell foams under heat and pressure to the desired densities and firmness¬ 
es. These provide a range of materials which are also recommended as 
candidates for the interlayer. 

Available from Raveg Industries'^ are soase polypropylene foams 
which are about 5 pcf density and are read’ly foldable and quite incom¬ 
pressible. Adhesives for them are not available at this time, but are 
being developed. 

4. Laboratory Foaas ' 

From several experiments performed*ih our laboratory to produce 
materials whose properties are different troa the commercial types, five 
samples have been selected for Viror. evaluation. (See Table 53). These 
batch-mixed samples lack the finished appearance of machine-made foams, 
b»t provide variations in density, flexibility ar.d firmness not other¬ 
wise available. Three are based on Adlorent-modified urethane formula¬ 
tions developed at Daytont No. 5, No. 45, and No. 51. Two are from 
Hobaya^work in which they were developing a foam -which ie flexible 
at low temperature: No. 52 end So 53. These two-foams are identical 
in formulation, except for a trace of aluminum powder in the No. 53 to 
provide a high percentage of open cells and, consequently, better heat 
transfer. . 


2. REFERENCES . 

(1) Test developed from Article by F. Clash, Jr. end R, M. 

Bferg. Industrial and Engineering Chemistry, 34, p,. 12; 8 . 

(2) Norris A. Mendelsohn and others - American Chemical b.^ciety - 
Division of Organic Coatings and Plastics Chemistry Papers, 
presented at the Detroit Meeting April 1965, Vol. 25, No. 1, p. 85. 

(3) Haveg Industries, lot., Plasties Park, Wilmington, Delaware 

■ 19808. _ 

(4) Mobay Chemical Co., Penn Lincoln Parkway West, Pittsburgh 5, Pa. 





.. S. ' ^ 6 


83&8S 


• « f « « 

a a o zs w 

o « a m « 

«4 •« «H <fi w 

£j o a & a 


n « «j « ^ ■ 

£ & & Q. & (V 4 
« « <3 « « « W 

«rtrtn ih *-• «H 
K M H « H > 

£ U U O <§0,5 

• I I I I I r 

iivizizi 
P S3 25 8 3 S 

Q >4 ^ 

*QCQfcQCQ 


? * 
I 5 

: 8 : £ 
&“&• 
Sul* 

£ -j ^ * 

P S-P £ 


js^tsss&'Sl 
tu, S SS S35S* 

> e >-* — 4 *** ^ ft ^ Q 
ixaobkfitaBC 


&E‘ ft 

I 1 * 


N HO W 

♦ •w4 ' v> 
n « ^ 3 


C'Qn«000 


; <* c* 

** W"t ® r7 


o o n o n 

N O N ® ^ 

^ » m 5 '“ 


I OH 


r» « *n 


,n s «n 4 o o> « •a,* # 


« n J i »o «n 

H (1 w H O O © 

irt n « e >o oc »r» 


ifnrt W r- m 

«•« 

l t ( i 1 f I < I i i i i i i i j I i i 


si 

51 


«~e | hnnirtKintfljnirtJrt 

« j nnnnnJo«o<nl«nnnja J « 4 4 a ^ i 


si a 


■c O O C' o o o 

o n M ^ 4 n 
i i • I ill 


o o o ooooooooo 

4 44 4 4 «nn flnteo«4oj®« 

e 1 i i i r i i i i i i 1 i i i 


•4 rv 

n ^t 

O «*i s r 
*-« ^ 

& * 


O | OOOOOOOoOO««OOOn*t«nr-in«»iiun<<> 

ft I • ■ ■ * .... . 

B I m*. fnrtHMOOOHnHHH 


«n m mK>m»nOOOO»)0 «nO O O © OOOO 
p4^r-fp40«Hr>n0«H«Oo« HtM <V tv rs» r-r tn CM rv 


*r w vnn w irt 

IHf^MHf^HHHHOOO 


m«o*n«n«nmOOwn*nmin moooo OOOO 
OOOOOCHnOOQO Oh m h m hh h h 


o»4imcoNf4W44»S>o»oo4NW«nininio 

h r r» 

f * • * i i i I i « i i ; t i i i i < i i i i » 


4444m4®<0*n0m0 mmmom noifl a 

r< in jc m 4 i/no O n ^ yj ?' r% r*« r> rs o m r> co 


r > f i i i t i i i i i i 


i ifsiEifBBBBBiifssBEEBBBB BBEBEBBBEBBBBiitHEB* 


^ j 

S fr 1 0002«f'O lf «Ot9iOOOOOn»iNOOOOO 

■ O H* J± *H - -i r+ r« «-< I 

3*; » i • i » 1 i i i i i i i i i « i » » t i » i i 

** • | O NKQKNMnNNNNN 

*> * O ««O<O«tfH6<0lO«« 

• 1 hj i i i s : : r £ 4 t ; HHHHHHrjHHHHw 


OO 000 O | nin 000 CO' 0 «NN m m « 

*W**W«linHWHHHHHNN C<4 M H 

r4«>4f4i>NFHfHiHf-4r-* H r< H 

» I I I I I I S • • I I I I I I I I I I 

fH.NNr>.NrNOQNNf'.Nr*.Qor».N o n O 

«««c««0d«««««00«« OOO 

pi *1 *i 


s?«sw»5« 

CM 

O 

« 

O CD O O CM 

t*» llfll 

J 

ft t f • ( 

h : : t s 1 t t 

£ 

| : 5 i 8 C 

3 


i § S 


“ 888SSSSSSRS5SSS888r ,88888 888888f!SS2222S2Sg8333 

f* , , . H rt H r H ^ W rO 

? iiiiii«iii(ii<iiTijii 

r r“ —— — — 6 s,tssistt£sstic is ts 


i I HfJwOwrf^KjO^OHWW^WfKIOflJoHCI (i .f in vl * 3 n « • O H N fitf «l 4 IX <0 «N O H 
■ I « rtHHrJHH K/4 Ml4NM<1rt«Nf|rt#)«rtrt»n^vn^»n4-f 

< V ' -' 

815 


gfSS&B 






SK 






















(1) Silicone adhesives generally adhere well to Mylar, urethane 
foams, and nylon clotk. adhesion is good if the surfaces of the sub¬ 
strates are adequately cleaned. Ihose silicones releasing acetic acid 
(RW 100 scries) do not need primers for good adhesion. Priners are 
needed, however, with silicones which do not release acetic acid during 
the curing cycle. Hie silicone adhesives have the advantages of being 
flexible at low temperatures (-SO to -50 F). The 100 per cent solids 
silicone systems were dimensionally quite stable. The one system (RTV 60? 
applied as an aerosol spray had some shrinkage during cure because of 
the escape of hydrocarbon solvent. 


(2) Epoxies in general had vjood adhesion to the substrates (Mylar, 
foam, and nylon doth). Epoxy systems, containing solvents ao viscosity 
reducers had pc or dioerui tonal stability. Conventional epoxies were very 
viscous when applied without solvents, but their dimensional stability 
was good. Epoxy formulations made by blending Epon 872 and DBS 736 
and curing with Kpo:i Curing Agent 0 hal good flexibility at room tem¬ 
perature, but were deficient, in this property at low temperatures. 

(3) A limited amount of work did not produce a satisfactory ure¬ 
thane adhesive r'or use as a flexible interlayer material. Urethane 
varnishes showed excessive shrinkage, and a 100 per cent solids system 
did not have good adhesion to Mylar. 

(h> Primers for Mylsr are si.suept? ble to attacks by organic sol¬ 
vents that aay be present in the gelatin impregnating solutions. The 
primers tested ere not affected by water. 

<5) Silicone adhesives are superior to other adhesives tested in 
the wide temperature range over which they remain flexible (-50 to -60 F 
upward). 

(6) Biaxif.lly oriented ethylene/vinyl acetate (BA'A) film appears 
to offer certain advantages over Mylar as the mirror film for solar col¬ 
lectors. Jt/VA film is a high-strength material which has good resistance 
to vacuum and radiation and can be aluminized. It has the advantage of 
being a low-modulus material which would facilitate folding. 

(7) Preparation of small hast laminates showed that the* presence 
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of solvent in the adhesive wsb definitely undesirable, as it eausid : K »se- 
tJn*^b*' ot dteplingv Mixing of Catalyst systems with the base resin appears 
'ova* '^ifi'icetioft'of' catalyst byovatapraying the adhesive. 

Th* latter msgj&ii' £ tt# ^^fpiic'atlon does '*»>.' yesiiJt in adequate blending, and 
»loa cures result. TMn layers of adhesive are sore desirable than thick 
layers, as lass distort ion results in the former case or. folding. 

■;. s (8) Flexible urethane foams are used as the Interlayer. They should 


■■of low-ifeiwity -'foowS'(<2 pcf) ‘with dilute solutions 
of ■ to/increase' fem^eitoivestrength is not reecwsBended 

it. fcarb^eri found "that ■ it isdifficuittoobt&ih uniform results. 
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i xsmommon 

■ fa. order t&dmoiga a space structure properly, Its behavior when 
deployed in the exoatmospiusre saust be anticipated as much as possible. 
ll!i«-;is: p«»ticu.tfcp;y tz-ue for structures that are erected from small 
volumes into large are-;- composed of relatively thin skins. When the 
^urfave area to weight ratio ia larg*,: the interaction with the space 
environment is more rapid. This means that problems related to tempera¬ 
ture or changes In temperature become important. 

ThiJ report deals with thermal analysis at ''dry" and "wet.” solar 
collectors, and with the experimental evaluation of a number of test 
panels of solar collector material. The latter includes weight and 
topographical changes in a simulated solar environment. 


II SOLAR COLLECTOR 8Q0ILIERIUM TtffiPERATURBS 

A solar collector made up of the following elements has been 
proposed; 

1. A reflective metallic surface attached to a thin layer of 
polymer. 

2. The above bonded to another flexible polymer layer which in 
turn is bonded to 

3. Polymer drop-thread cloth impregnated with a gelatin-water 
formulation. 

When the water is removed from the above composite, s rigid 
structure results, 

A solar collector of the above type deployed in the exoetmosphere 
so that the reflective surface continuously face* tt. sun, comes to 
thermal equilibrium after the water ie removed. 

the temperature distribution through the composite collector will 
be determined by the shape and the thermal-optleal characteristic* of 
the components. A thermal analysis of this collector based on e detailad 
accounting of the thermal, mechanical, ard radiative coupling of the 
composite parts is a very difficult problem. 

An a poiiit of departure, the solar collector can be approximated 
by the model shown in Figure 75. For simplicity, it is a planar struc¬ 
ture with it* front surfice normal to solar radiation at all tines. 

The following describes the collector; 










1, Front Surfsc* of the Collector 

The important parameters on She front surface ar a the abeerrtivity 
and emis£Lvity c£ the metallic fiimcc polyaer substrate. The flexible 
polyset layer followed by the cloth teckliig inprsgnated with gelatin 
constitutes the; remainder of the front, Previous calculations have shown 
that only e very seal 1 temperature gradient is sustained in such, a thin 
structure so that we have assumed that the entire front surface is 
characterised by a temperature T i In addition, an esissivity of the 
back part of the front surface his been designated aa e^,. 

. 2. Back Surface of the Collector 

The back-surface is considered to be aiaply a surface with emia- 
sivity coming to ait equilibria temperature Tj. : 

3. Drop-thread Coupling 

In addition to a radiative exchange between the front and back 
surf&cea of that c&Lleetof^ there, is a thermal conductive path due to 
the presence of drop threads of thermal conductivity K. It is assumed 
that all the drip threads are perpendicular to the twi. surfaces so that 
there is no Complication arising from then’ll and radiative coupling. 

Using this aod)* : the following equations were obtained describ¬ 
ing thenn^ bftianee in the collector. .,2 - 

1. Overall Heat Balance 

C 1 S ° C *1 *1* * 0 *3 T 3^ <l) 

where: "V.•; . .• •• • 


n i is the absorptivity of.the metallic reflective surface. 


S is the solar-flux is,pinging on the front surface, 
a is the Stefan-Boltzman constant, 
s^ is the cauissivity of the front surface, and 
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« 3 ia ttyiai&adivtiy of tha-ba^k sarface. 


!;-a; : 9$$$ $*lane*ip th*:Sa«W; Syrfa?e ( 
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♦feaddiUipnaJ. equagion cap; be attained by considering the back 
surface alone. 

;c .v 3 2 .'•> •> '-i i I 









(T, - TO) Cl - f) ♦ — r -^ r=- <7* - T, 4 ) = C ft, TO* (2) 

*2 1 3 - 1 1 3 - 3 


Where: 


atioR, 


1C Is the thermal conductivity of the drop threads, 

$2 la tho length of the drop threads, 

f is the fraction of a collector surface which i* emitting redi- 


(1 - f) is the fraction 6 f a collector surface which is thermally con¬ 
ductive (cross sectional area of the droc threads). 

The second term in equation ( 2 ) represents the overall radiative 
exchange from the two interr,*i surfaces or radiation absorbed by the back 
surface. 

The solution of these equations for 7. and TO for ranges of values 
for f, £//„, S, c. - s , e , and e, mas coeputerixea (15M 1520). It became 
apparent that confidefable computer time mould be needed for running 
through targe* for all of the above parameters. It was therefore neces¬ 
sary to restrict computing for chosen valuer of f, S and to confine the 
ranges of the remaining. Sows of the results are shown in Table 55. 

As can be seen, front and back temperature differences of 50 to 
80 degrees are predicted for collectors having rather wide ranges of a 
and the e'a, and for a K value typical of polymer# such as Jfylon. 

If the drop threads were made of aluminum, practically ao gradient 
would exist between the front and back of the collector. This appears 
to be an interesting possibility for further exploration. 


Ill TEMFE8ATDSE-TIME HISTORY F02 A DEPLOYED SOLAS OOLLSCTCK 


In order to determine the time uecessacy to erect and rigidise 
a solar collector, a'detailed knowledge of the energy end mass transport 
in and outthe system £o nacetsary. At the beginning, the cellector is 
at a uniform tei^eratqi'i iprobably that of the canister) and the meter 
is distributed in propOt^ion to ths gelatin in the front, the drop-Tcfcrsada, 
and the' beck;' The/colta&flir is btw^rt iutb shafts by Inflation of V 
balloon attached to the pariyiisry of the' wlifictor ebd receives a aolar 
input depending on ..he transmissive properties of this end-cep. The; front 
and edge of the collector ere impervious to the passage cl mater vapor, 
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so that rigidisation is accoa^>i ished by removal of the water through the 

Skt'sl th* sollecter, - —-—-- 

As tfc* collector 4a urpoeec to the space jj.virorueent a taaperature 
difference starts to: develey due to eaisslon of radiation on the surfaces. 
The temperature gradient.results in asas transport of water frc* the front 
part of the collector to the hack: at the a«ee tiae water is being reaovcd 
froc the collector by evaporation. 

. The change is temperature with time of the two surfaces depends on 
a consideration of both the energy and mass balance in these parts. 


dittos: 


following equation can be considered to represent such a con- 


1. Kncrgy and Mass Transport of the Front 


[”« c « * Iv - r Hf h 3 - T 3 “i 


- f- (Tj - T^> (1 - f) - AH O^) f - c s x Tj 4 (3> 

*■* ■ 3 ■. ... 

where ; . , \ •' . . 

D, is the masc/unit area of the dry front part of the collector, 

C c is the average heat capacity of the front of the collector, 

is fhe ®as$/unit area of the water in the wet front collector 
in the canistev, ' 

. Qg is the heat capacity of water, 

r _ is the flux of water vapor frost the cloth in the front of the 
collector towards the back, 

: *f is phe ties,, and- - 

AH is tbs heat of evaporation of water> 

!- This equation states that the change in temperature with tiae is 
directly tkoportional to the difference in heat inputs and outputs both 
fr^atass and energyflow and inversely proportional to the as as and heat 
capacity of t^e nijyk*XK$- . The complication in this equation arises froo 

a variable flnx of 8Miss ft.o» the front, i.e.. r_- ® r„»(T). 

- ' • • ' ' • v *. fir * il£ 








2. foergy and Mus Transport of the Back 

In a similar manner we c*a consider the energy and mass ba’ance 
of the back of the collector: 


%* V* - I W h 


i C }f!l.__2£_ i 


4 i 
T - T 
l l *3 


*L , | 1 

<t, - t.) a - f) - 4H - r ' - 


'2 '‘1 *3 


3 t, T, 


where 


In these equations: 


^ (2a RT 3 > i/2 


ia the aass/unit area of the hack of the collector, 

T* the heat capacity of the hack, 

1^. I* the mass of water/unit area of the hack part of the collector 
- (met) prior to deployment 
la the vapor pressure of crater at temperature Tj, 

s ia the coefficient of evaporation of the vater from the back 
of the collector, and 


R la the gas constant. 

Several expressions were tried for until one was found in the { y 
literature which gives the net flow of vapor between two liquid surfaces:'' ; 


T * %t T~^ 


vi 


Rewritingequation (3) and (4) in incremental ’ora, we have: 


, : - j -;, 


7TJ Pleaset, W.S., J. Cfaea. ?hy*. 20, 790 (1952) 
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In these equations, j<p. was introduced as a porosity or permeability 
factor, i.e. the fraction o£ i coilector area which offers no resistance to 
vapor f low. This factor »ay be af unction of U»e gelatin concentration 
and the amount of water remaining at any , time x, but was assumed constant 
fn the computations which «exe asde. ■_ 

A program was written for.the 1629 IBM computer to solve the above 
equations for AT and AT. To do this the tine incremrota At. were chosen 
to yield reasonably small values for AT. and AT.. In the test example 
described below increments from 1 to 600 eecondi were used.., Shea the 

solution progressed to the point where ((p^ V n ^ t - AT)^ was close to 

hero, i.e. when all the water was transported from the front of the col¬ 
lector, the program called for an end to the suaaation in equation (7) 

. i V ' • ' ' ' • , . 

but for a continuation of the /;. . At)^ t*fs in equation (8). 

... i -' 1 fc ... - . i ■' ; ■ 

Whea all the water has left the collector, equations (7) and 
(B) degenerate to the case of a dry collector coming to equilibrium from 
temperatures T and T at the time ali the water has left the system. 

- : 9ir: t' i j: ' V, - \C.- ■' r '5'.- . 

Sqnations (7) and (8) can bo used to calculate the temperature- 
time history of a collector put into various orbits. In order to do this 
with any significance, tha position of tba satellite at the time of 

■;_ •> : ' \ .• ci'K vi5i \sajw5q .» . • •; ■ * 
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erection must be know®. £a addition, the eepect cf the collector mist 
be known as a function of time. 

the computer progras can be scheduled to accommodate varying values 
of heat input, aS, determined by the orbit parameter*. 

Sduations (7) aod (3) were solved using the following values for 
the Material parameters} *> c * 0.1 g/c* a , * 0.5 c*l/x/°K, 0^ * C.034 g/c» a , 
®f * ®b * ^-05, Cg » 1 cal/g/°K # a « 0.2, *j * 0.2, £ » 0.95, * e 3 “ °* S » 

K// » 2 x 1G~* cal/cm a /sec/°U, AH * 540 cal/g, a * -.04. The expressios-s 
used for the vapor pressure of water were obtained from the International 
Critical Tables for one range of temperature and from a two-parameter equa¬ 
tion obtained by using the values for the lower temperature range found 
in the 43rd edition of the Handbook of Chemistry and Physics. 

The results are shown in the actual computer readout. The two 
columns headed by W_ and HI show the amount of water remaining in the front 

V 

and the back at a tine / t (At).. It can be seen that in less than a minute 

i 1 

the entire structure is below the freesing point of water. This conflicts 
with solar simulator experiments described below which show that it takes 
about five minutes for this tc happen. The difference can be due to the 
incorrect choice of values of some of the parameters in the equations • 
(especially <p.) <n that our deployment simulation at the very beginning 
was poor. In any case, it is strongly recommended that experiments be con¬ 
ducted to determine the transport of water from HjO-geJetin-impregnated 
membranes. 


It can be seen that in less than a minute 


IV SOUS COLLECTOR EFPICISICY 

Before proceeding with solar collector axperimsntr in the solar 
simulator chamber to measure shrinkage, distortion, etc., it wss of some 
Interest to examine the optics! rssponss of a collector. By this we mean 
to observe the image of reflected radiation in the focal plans. 

Variations of tha optical arrangement show in Figure 76 wars uasd. 

A sourca.of light (8) is plftsd at ths focus, of a concave mirror (MX to 
product a bsam of parallel light. Masks and slits can bs used to alter 
the site at the beam. The light impinges on the collsctor parallel to its 
axis and is.reflected into aphotomstsr. AU of the components ere damped 
at points nurked X on optical benches A and B. By adjusting the sis* of 
the bes# and the photometer aperture, sons idea of the collector efficiency 
could he obtained by recording tha intensities of the incident and re¬ 
flected beams. By placing a place of white paper in the focal plane, one 
can observe the sixe of the circle of confusion which reflects the perfect* 
tion Of the collector geometry. 








This procedure was used on one of the earlier collectors. It was 
found that with a fixed photometer position in the focal plane, the reflected 
intensify varied frota gore to gore by almost an order of magnitude in a 
circle of confusion having a diameter of 2 to 3 inches. The later corres¬ 
ponds to ± 10 degree surface deviation. 

The purpose of this measurement was to determine the magnitude of 
the effect of disturbing the collector both mechanically and thermally. 

In both instances, changes in reflected intensity were recorded, but all 
changes fell within the range of reflected intensities from gore to gore. 

It appears that higher quality reflectors an needed to evaluate the 
changes that would be produced in the solar simulator from thermal cycling, 
etc. ■ 

V TEMPS8ATCRE-TIMS HISTORY OF DEPLOYED COLLECTORS IN THE FLEXIBLE 

STATE 

A. EXPSRIMKNTAL 

TVo solar collector panels furnished by Viron (Russel to Rosen 
memo, Aug. 23, 1965) were placed in the GCA Technology Division solar 
simulator to determine the curing cycle expected for structures actually 
deployed in the exoataosphere. 

Before discussing the results a description of the simulation 
desired and that actually achieved will be given. 

It' is assumed that the wet collector will be placed in a canister 
and kept at room temperature right up to deployment time. When the latter 
takes place, the inflated collector is immediately subjected to the spac - * 
environment. In a solar simulator this is not quite the case. The latter 
is due to the time delay resulting from "priming" the chamber, i.e. pump¬ 
ing and filling the shrouds with liquid nitrogen. In this interval the 
panel temperature starts to drop due to water loss from the sample. 

An encapsulation method was developed to help minimize this. The 
enclosure of the panel by Viron was felt to be unrealistic since wafer 
vapor egress would occur past a slit whereas in space the entire back 
surface of the collector is exposed at once. In addition, it was neces¬ 
sary to' attach thermocouples- to monitor temperatures. Accordingly, the 
plastic Covering was removed afte* first weighing the panel to assure that 
the proper amount of water would be replaced just prior to sealing. A 
number of thermocouples were attached to the front, middle, and back of 
the panel. The leads were potted in between two 12 Inch by 12 inch sheets 
of aluminum foil with Silastic rubber (see Figure 76). After adding back 
the vatef lost in handling, the panel was sealtd between the foil using 
Histovax. The sample was then damped to a holder mounted on an optical 
bench. - 
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The opening mechanism was completed by attaching strings with weights 
according to Figure 77. When the carbon arc is turned on the sample, the 
Histowax nelts and the foils ere drawn away from the panels by the pully- 
weight system thus exposing the sample to vacuum. Some water is probably 
lost through the imperfect seal when pu&pdovm occurs, 

B, BSSCLTS 

1. Panel number one was encapsulated as indicated in Figure 77. 

The pumpdowtv was started and the shrouds filled when the chamber pressure 
was about one millimeter. Two cone heaters with a cylindrical parabolic 
reflector were turned on in an attempt to keep the back of the sample 

at room temperature during this process, but this was not completely 
effective. The are was turned cm as the filling operation was being 
completed. The temperature-time history is shown in Figure 78. 

For the first twenty minutes or so the collector panel temper¬ 
ature dropped uniformly to about - 20 C whereupon the front surface 
temperature started to rise, the back surface temperature remaining at 
about -20 C. After three hours only 3mall changes in temperature could 
be detected. As will be. shown in the next section this does not neces¬ 
sarily indicate a completely cured collector. The rather steep initial 
drop in temperature atay be partially due to imperfect encapsulation of 
the sample. The rise in temperature of the front is due to the loss of 
water and an approach to equilibrium for a dry surface. 

2. Panel number two was erteapsulated in the same fashion as 

one except that only the back or permeable part was enclosed leaving 
the reflective surface exposed to th^ environment. This prevented damage 
to the thin aluminum coating from water vapor, Formalin, and contact 
with the encapsulating foil. The temperature-time history for this 
panel is shown in Figure 79. > 

The overall shape is the same as for panel one, the differences 
lying in the dissimilar starting conditions. The apparent equilibrium 
temperatures are essentially the same. Unfortunately a guess has to be 
made concerning the initial thermal history since we couldn't duplicate 
the initial deployment expected in apace with precision. The result* 
do indicate that no uiore than fiye minutes is available for inflating 
a structure made from this composite since the freezing point of water 
is approached. The assumption made here is that the plastic parts ©£. 
the collector are not below their respective glass transition temperatures, 
or if they are, proper inflation is still feasible. As mentioned pre¬ 
viously, these results are not in agreement with results obtained from 
equations (?) and (3). 

VI DEGRADATION AND T8MFESATU&E MEASUREMENTS 

A number of solar collector and space shelter structure! materiel 
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sample* afore exposed to solar environment conditions in the GCa solar 
simulator in order to determine whether any changes occur. Included in 
the Uttiaears ejsan^V in- phyaieal appearance (shape, color), weight, 
and fchamal characteristics. • =• ■. '7 ' 


Copper-constantan thermocouples were attached to the front 
! ac*a,- of a number 7 ..of .i ssmplee. Care was taken tc insure that 
iple tips ware imbedded in;the surfaces to establish good 
p&fcv Temperatures were recorded using a Leeds Northrop 


multipoint recorder; 


2. Weight Change Measurements 


; ; Since very assail weight changes were expected in these 
experiments, it was.necessary to work out a consistent and controlled 
method of obtaining the weights of the sables; in addition, the measure- 
sssn^ia complicated by the presence of gelatin which absorbs water. 


r-\Vv ’ l&e,method finally,adopted consisted of the following: 
The.eaavlea (2; in by.£ in) ware placed tn - aluminum foil packets with one 
endy^p^iv f lh^e w«ra than ^Jaced in a vacuum oven set at fiO C and evacu- 
at^ S^f : apprd*ii^tely fifejgw hen re. The oven was vented through a 
silica gel drying tube and th^ aamplea- removed and sealed while still 
w«m The weig&ts were then followed with time- The process was re¬ 
peated with a aore emended vacuum heating treatment of approximately 
fifty hours, .v;^' ; vu;.. ■■■' •.•.• -■ . 


The samples were then mounted on a lattice work two feet 
in disaster corresponding to the irradiation area of the are lamp giving 
otic overall solar constant. 


Y Since .weight change* in b&a samples could take place from 
water rose wad UV degradation, a control set of samples were masked 
with Pl^-Kiglas.The flatter. effectively absorbs.' in- the ultra* 

VifcUt, ... /v "y" , ' 


Tag. t^et sample* wre irr* 4 i|l'isi.# ; A totgl\bg'' about H5 hours, in- ; 
the jjljigulsuc* with liquid nitrogen in. the. shroufie. In addition to the 
carh^ug^. a 2EC m*n inarcuty-senos* was used to more closely .approximate 
the stUr in the. ultraviolet. The total BO flu* 

van spnrputestely 0.5 solar constant baaed on previous experience. 

The tamaerature end wight dote are au»mav>‘ *od in Table 54. 
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The equilibrium temperatures were averaged over ateady-atate 
periods taken over the complete irradiation history*. -The steeples con¬ 
taining larger amounts of gelatin exhibit greater differences in front 
and back te^erafeiires-indicating kiwi epissiyity of the gelatin is 
higher than that of cloth matrix. , x , 

The weight iossae its the table were obtained by subtracting the 
weight loss of the control fro® the average weight losses of the com¬ 
panion sampled; 

AffjCf«n'.'-^ 8 ;J 8 e* 0 ',.:KiOst of the sullen. l,qct some weight but not a 
significant; amount. / The greatest weight lose occurred from the 3/8 inch 
Rayon - ,35- .gel/lOQ sample. This is probably due to both a higher rate 
degradation and the- porosity of tfee,.cloth permitting irradiation of 
of ; ;th©: back surf ace- 


in addition to the weight losses, there was visible evidence of 
degradation in the appearance of the test samples. The irradiated 
surface was tinted yellow whereas the control samples retained their 
white appearance. , 

During the irradiation, leak rates were taken with and without 
the radiation.' On the basis of this experiment, there Is definite 
evidence of.degre4*ticn to produce aouqondensables- Using the perfect 

the rate of degradation 

was roughly 2 * !0“^ mg/hr/saa^le. ; . 

; No definite changes in equilibrium temperature could be detected 
as a result of this color change. Without a much more extended period of 
irradiation, this question cannot be resolved. 

Along with the colpr change, it was noted that the surface of 
the alwsiniaed Mylar samples (5 and 6 in Table Severe extensively wrinkled 
with the latter extending into the foam layer- 

VII CUEING 0? A SOLAR COLLECTOR PANEL (NO. 1) UNDER 3IAOAL STRESS 

The deployment and rigidiaation of a, flexibilissed solar collector 
cbhttructfdr.froai,jA> ; composite of aluminiaed ^ylats ’’flexible' 1 Epoxy, and 
drop-thread cloth impregnated with a solution of gelatin presents « 
number of questions. A critical one is related to the preservation of 
topographical integrity when erection in the exoatmosphere has been 
completed. :: The latter occurs when a.bwlfc of the water has been removed. 

Alt*u? erection* the system comes to thermal equilibrium ps in th$ ease 
of a collector in an equatorial prblf and thermally cycled in;other 
orbits. In either case ctreeaea develop in the structure which nay alter 
the oeUhpaf efficiency. 
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If * biaxial atrta»,lt hapt.in th* stractura during,rigldisatipn, 
it has bean postulated that the collector will retain the shape of the 
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frontal layered structure> or expressed in another way that rigidiza.tion 
due to loss in water will have ho effect on the shape of a collector 
when the inflation pressure is released. 

An experiment described below was carried out to evaluate this 
notion using a reflexibilized flat panel. 

A. APPARATUS 

Figure 80 shows the arrangement used to place a biaxial load 
on one of the solar collector panels (13 in. by 13 in.) supplied by Viron. 
The aluminized Mylar flexible Epoxy layer projected beyond the ei ge of the 
bachitig structure of gelatinized drop-thread cloth to allow clamping on 
four sides. A deadweight of 8 1/2 lbs was applied aa indicated in the 
figure. This corresponds to approximately 1000 lbs/in 3 or presumably 
the skin stress expected from the erection and inflation of a paraboloidal 
collector. The wight figure was supplied by Viron as the proper one. 

»t' PROCEDURE 

Since the emphasis in this experiaient was to determine the effect 
of curing on shape, no attempt was made to determine thermal or water loss 
histories. 

A wet 13 in. by 13 in. panel was clamped Iri the jig shown in 
Figure 80 and the entire assembly placed in the aolar simulator. The system 
was pumped and liquid nitrogen introduced into the shrouds. At this time 
the pan- 1 was exposed to one solar constant of radiation from the carbon 
arc lamp. The state of the surface was observed during the water removal 
process and is described in Table 57. 

The solar simulator was brought to room temperature and vented 
the day following the experiment. The sample was found to still contain 
an appreciable amount of water (an excess had been added to replace water 
lost in handling and mounting.) 

The sample was kept under stress Iri the ambient for two additional 
weeks during which the surface condition was observed as the water was 
removed. In this time wrinkles spread through the entire surface. In 
addition, the panel itself became warped (approximately n radius of curva¬ 
ture of one foot). Finally a network of fine wrinkles appeared in the 
structure. 

Since the curing of the test panel described above was done with 
rigid clamping at points A* and 8 in Figure 80, the question of the effect 
of poor clamping on the sample distortion arose. 

To test this a 3-mil Mylar sheet was attached to the framework 
aa before. With the load on, the area was observed through crossed 
polar!sera, fha intersection of A arid ft stobMed some evidence of stress 
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concentration. The 3-mil film was replaced by a 0.5-mil sheet and xhe 
observation repeated. There was definite evidence cf Monhomogeneous stress 
distribution. To overcome this, clamps A and S were attached to pivots as 
shown in the figure. In addition, cardboard spacers were used on either 
side cf the sheet at the clamps to assure more effective clamping. With 
these- alterations uniform stress was achieved in most of the central portion 
ofvthe sptwimen and no serious stress concentrations at the corners were 
noted, 

Despite the question of poor clamping, it wat felt that the warp¬ 
ing observed was due to stresses which developed during curing that ex¬ 
ceeded the biaxial stress employed. To investigate this several experi¬ 
ments were carried out. These are described in the next section. 

VIII WARPING OP COMPOSITE MEMBRANES 

A. TESTING OF AN EPOXY LAYER ON MYLAR FOR HARPAGE 

1. IS to< 1 mixture of Hysol Resin RP-2039 and H2-3490 was 
applied to an 0.5-mil Mylar film under biaxial load. Upon hardening 
and load removal, no shrinkage or warpage was evident, 

2i Thu above experiment was repeated with zero load with the 
same results. 

, ).:• The same mixture was applied to 3-mil Mylar with the same 

results. 

These results suggested that warpage was probably due to the 
gelatinised part of the composite structure. 

B. TESTING OF GELATIN FILMS ON MYLAR FOR WARPAGE 

1. A gelatin sol cion was prepared and poured onto a 3-mil 
Mylar sheet arl allowed to dry. The Myl»--gelatin combination was 
highly distorted. 

The above was repeated twice using a much thinner applica¬ 
tion. The results were the same indicating that the lines? ehrinYsgu of 
gelatin is stressing the Mylar to bistortiou. lhe ■trees*!-, era large enough 
to overcome the adhesion between the two 'surfaces* The latter results i«, 
del*®ination to relieve the sheer stresses. The resulting structure is 
bonded only at a few sfots. 

2. A gelatin solution was applied to one-halt of a 0.5-att. 

Myler shrift which had a layer of Epoxy resin on it. Upon drying the 
gelatin tide was curled, vhereas the straight Epoxy side wee unaffected. 

It we* apparent that the stresses duo to gelatin shrinkage 
were greatar than th® capacity ©* the substrate to resist it. 









3. Sxpsriaent 2 was repeated except that the sheet was kept 
£n tension during bath application and cure of the gelatin layer. Once 
agaih the gelatin aide curled, ' 

4. Gelatin was applied to heavy aluminum mesh placed on 3-fflil 
Hylar flits. When partly cured the composite was separated free the Mylar 
Distortion was not evident until the curing progressed further. After 

2k hours the composite had curled into & cone-shaped structure. 

5. Gelatin applied to Nylon mesh distorted upon curing. 

6. Similar results were obtained when samples were dried in 

a. vacut/s cVtei.. 

7. A cured gelatin film (distorted) was placed between two 
aluminum plates and flattened using a 5-lb weight. This assembly was 
heated in a vacuum oven at 50 C for one hour. This treatment had no 
effect ort- the films which reverted to its distorted state when the com¬ 
pressive load was removed." ; • 

8. Several experiments were carried out with combinations of 
gelatin and Sccospberes in a» attempt to minimire distortion but were 
not successful. 

These experiments emphasise the problems of distortion to be 
expected with structures employing gelatin. 

Although it may be argued that 2 foot., collectors have been 
prepared, it has been observe! that these structures change with time. 
This is understandable since plastics creep under stress and there can 
be no argument that the front portion of a collector is under stress 
from cured gelatin. This is in th>> nature of a shear stress so that 
au long as the bond between gelatin and the flexible layer is strong, 
stress relaxation of either the re’atin or the flexible layer will 
occur. The latter seems to be evident In current structures. 

Distortion is mote evident when flat panels are studied since 
there is no back-stress applied to the shear stress at the gelatin- 
flexible layer interface. This accounts for the ability to erect a 
fairly decent looking paraboloid. 

It has been observed that, cast sheets of gelatin often dry 
to give a surface resembling a saddl . (The saue thing happens, 1 
believe, when you make potato chips.; %'ai* tendency to warp in two 
directions is e manifestation of the principle of minimization of sur- 
face free energy and results when drying occurs >n both surfaces. The 
phenomenon is complex and difficult to explain, but suggests that 
isotropic drying of gelatin would:create less of n problem in terms of 
distortion since tension and compression siresset are distributed 










cry .both, sides of Mi film. 

.. This appears to be difficult sir.ce the front surface of the 
collector is impervious so that the geletio;surfaces are drying on one 
side. >• ; - 

IX CORIHG OF A SOLAR COLLECTOR RAHUL CHO. , 2) USD® BIAXIAL STRESS 

The second 13 in.-'ey .1$ in. panel supplied by Viron.wee clamped 
(Figure 7.$) and leaded as with panel Ho. L (Section 911). It v?s de¬ 
cided ;Ao cure thi» panel under.asbient conditions. The hole in the back 
of the, collector was sealed with awaking tape to insure homogeneous 
efflux of solvents L 

The clamped "«aBel was initially 2ree from large wrinkles or distortions 

The panel was observed for approximately one week. The sample dried 
slowly and became wrinkled, warped, and distorted within this time. 

Thus, duplicate results were obtained using the biaxial stress recom¬ 
mended by Viron- 

The results of these testa point to the need of a generalized stress 
analysis for the jomposite structure. Such an analysis is complex but 
necessary and will be aided by an accumulation of mechanical property data. 

Of particular interest are the creep properties of the component 
parts of the composite structure. Tt is believed that the orange peel 
phenomenon, wrinkles, delamination, etc., can be partially explained by 
stress relaxation effects. 

A perusal of the Viror progress reports show s mutual cognisance 
of the need for studies of this type. 

X SUMMARY 

A mismatch of thermal, mechanical, and optical properties of the 
components of the composite structure representing a solar collector 
points out the need for a generalised stress analysis. The latter can 
be done by using the thermal analysis started by us, and tha material 
properties to define the internal stress distribution expected in the 
cured solar collector. 

The latter along with a knowledge of the bond strengths of the 
junctions and the creep properties of the junction components will 
enable one to predict the roughness of the collector surface with time 
as wall as the change ir. paraboloid parameters. 

The results obtained in our thermal analysis show ths need for a 
rapid erection of the structure. If one is willing to place confidence 





in tfce model used in our t hemal analysis, it can be seen that th* aoet 
effective wsj c£ diminishing tie dermal gradient is to increase the 
ovssail conductivity between thm'twb collector surfaces. A weight 
penalty say result, since aetai fibers will probably have to replace a 
fraction of the Myion drop threads. 

The shrinkage of gelatin appears to be the aost serious problem re¬ 
lative to producing a rigid distortionless collector. We made an 
abortive attempt to reduce shrinkages bat a greater effort is needed. 
Mot only that, but a replacement for gelatin cannot be ruled out It 
would be particularly desirable to employ s, system using a nonpolar 
plasticiser so that sore rapid curing could be effected. 

'The;short-range effects of BY radiation oh the solar collector 
materials studied were found to be negligible. If the back of the 
collector is to be exposed for extended periods in the exoataosphere. 
changes in absorptivity and eoissivity will probably occur .-judging 
from the color changes produced in some of the test samples. 
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